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International Geoscience: 
past and Future 


Charles L. Drake 

ntnartraeni of Earth Sciences 
Pajtmouih College, Hanover. Ni l 03755 

blur's Mote: The following article is taken 
[nmasbteik delivered at the 1983 Annual Meet- 
the National Academy of Sciences in Wash- 
ington, D.C. 

The International geophysical Year (ICY) 
differed from the preceding international po- 
b r rears in that it had a significant cumpo- 
noii of solid earth research. The success of 
ihii venture led to succeeding programs, still 
under way, that have maintained and im- 
proved upon the communication mechanisms 
published during I GY. These programs dif- 
reied from IGY in that they have a longer 
rime span, usually a decade, and in that they 
hue focused more on the exchange or ideas 
imidata rather than shorter-term, speciully 
funded research programs aimed at particii- 
br goals. 

To borrow an analogy from oceanography, 
one might liken IGY to the Challenger expe- 
dition of a century ago; a one-shot venture 
that collected vast amounts nf daia during a 
single cruise; data that occupied the energies 
of i number of scientists over a period of 
pan. The succeeding programs followed 
imtc the pattern of modern oceanography in 
which cruises take place continuously, steadily 
building the data base and generating new 
ideas. There is no question but that IGY was 
a major shot in the arm for solid earih re- 
lorch and it is fair to usk whether it is not 
lime for another such venture. Our support 
mechanisms have tended to become more 
narrowly focused on disciplines and sitbdisti- 
pEnej through lime, reflecting the increasing 
complexity of science. Perhaps it is time to 
choose some broad goals; to identify some ex- 
periments that require inputs fiom a number 
of disciplines and international collaboration 
in research and that promise us new and bet- 
ter insighu into the nature and propci ties, 
the history and development of the earth. 

1 lure only read about the Lniernaiioiial 
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linlf F | r ear *i bm [ participated in the Interna- 
tional Geophysical Year. When I think back 
to it. I am reminded of the comment or Good 
r ; a , . . a ^ ,rave wf i° Survived the battle 
°r 'he Little Big Horn, where General Custer 
made Ins last stand. He said. "Hundreds of 
bonks have been written about this batde by 
People w in weren't there. I was there, and all 
i remember is one big cloud of dust." I feel a 
little like Good Fox. because I was there, but 
as one or the braves or fool soldiers, rol as a 
cluer or a general. I remember the big cloud 
ut dust; dust generated by investigators front 
many countries who shared an opportunity to 
investigate phenomena in remote places and 
to share the results of these invesugations 
through personal contact, through meetings 
and symposia, through the literature, or 
ihiough exchange of data. 

These places were only in part geographi- 
cally remote, distant parts of the oceans or 
the polar regions; they also included regions 
far above die earth’s surface, at die bottom or 
the sea, and in the earths interior. The solid 
earih research of IGY included studies oFtlie 
crustal mcks un die continents and beneath 
the seas as well as investigations of the deep 
interior of the earth. 

The Emergence of Plate 
Tectonics 

Maurice Ewing, in a symposium held here 
at the National Academy of Sciences in June 
191)7, just prior tu die official opening of 
IGY. nuted that "iwu significant discontinui- 
ties, both nearly spherical, divide the earth 
imo three major parts: mantle, core, and 
crusi." (auiiiiuiing, he identified three major 
problems ihui could be considered as the foci 
for research at dial time: (1) the origin or the 
crust, (‘JJ die mechanics nf deformation of 
die crust, anti (H) die possibility of continued 
exchange nf mailer between crust and man- 
tle. 

As we stand today and luok ai these foci 
from die v.im.ige puim uf plate tectonics, we 
can Ik- smug ami say that we have moved well 
beyond them; lull if we slop and ponder 
them a hit. we have in adtuii dial sonic uf die 
mystery still remains. Plate tectonics has given 
ns u very vuliialile model io which we can re- 
late our data, but lias not given us all of the 
answers. 

Plate tectonics has iis roots in the distant 
past; uiic could argue whether Francis Bacon 
or Benjamin Finiiklin or Aiumiio Snider or 
Alfred Wegener had the original idea, de- 
pending on one’s heritage and prejudices. 
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We are on schedule for the lower part 
of the ml ile but, as or this date, we are nor 
meeting the upper portion. There is one 
BcncTnclni 1 <$10,000 plus} and two Sus- 
taining Mcinhers ($5,000) plus one more 
who is dosing in on the $5,000 target. 
There are also another H who have given 
the $1,500 to qualify as Life Supporting 
Members. These are the individuals who 
have recognized the need and have 
grasped the opportunity to help. 

At our last Steering Committee meeting 
we reviewed the goals and purposes of 
this appeal- The program was initiated 
shortly after the AGU headquaiters build- 
ing was purchased with a mortgage lhat 
specifies that no advance payments may 
be made prior to 1980. We recognized 
that a 5-year window provided ample time 
to accumulate funds sufficient to pay off 
the mortgage in 1986 if that seabed fi- . 


nancially advisable at that drae. Currently 
we are expending more than $140,000.. 
per year just to pay the mortgage interest 
plus a small reduction on the principal. 

Our committee believes that by eliminat- 
ing die mortgage, this $140,000 line item 
in the budget could be directed toward 
greater support of student travel^ scholar- 
ships, Chapman Gopferehces, and other 

educational programs of the Union. . 

We need the assistance of the leadership 
of the Union, particularly the Council, in 

persuading those members who have 
prospered from t|ieir careers to geqphys- - 
ics that a contribution to the Fund is more 
than an AGU-GLfT-il is a wi?e toyest-; ; , 

m Thanks to each ofyou fbr your condnu- 

ing interest and suppopt. , 

, ' Earl C. Droessler 

, V ' . if cfarles A. Whitten ; 

Co-Chairmen, ACV-CIFT Steering Committee 
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Fig. /. Interpretation of COCORP seismic reflection profile across the southern Appala- 
chians (from Cook el a\. [1983}, reprinted with permission). 
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Fig. 2. Mantle inlinniugeneiiies developed from digital seismic d.iia. Syttlheiiizi-d group 
velocity distribuiion for a period of 152.34 seconds. The imcn al of contour lines II. I km 
s -1 . Solid and dashed contours indicate group velocities higher than 3.7 km s’ 1 .mil lower 
than 3.6 km s” 1 . respectively (from Nahuiishi and Anderson [lt>82|. reprinted with permis- 
sion). 


IGY provided some of die fertilizer that 
brought it to llnwer. Nat only did IGY her, lid 
die beginning of lire space age, it alsu 
marked a major change in studies of die solid 
earth. It made it possible lu explore distant 
portions of the oceans and the polar regions 
and it enhanced our ability to probe the se- 
crets oi the earth's interior. It brought a glob- 
al community together to pursue common 
goals and it created mechanisms for exchange 
of data and ideas that have persisted to this 
day. The efforts during IGY helped to estab- 
lish the continuity of the world ocean ridge 
system, a major element of plate tectonics; 
they improved the data base and the ability to 
analyse surface wave dispersion, and our abil- 
ity to define the lithosphere, the rigid outer 
shell of the earth, and the underlying, more 
plastic astlienosphere, which are also essential 
elements of plate tectonics. 

The success of (he collaborative efforts dur- 
ing IGY prompted the solid earth community 
to establish a new program, the Upper Man- 
tle Project (UMP), for the 1960's. This pro- 
gram, originally organized along disciplinary 
lines, was focused on the outer 1000 km of 
the earth, the pari in which recognizable tec- 
tonic movements take place. It was a special 
program of the International Council of Sci- 
entific Unions (ICSU), administered by the 
International Union of Geodesy and Geo- 
physics (IUGG), with provision for recogni- 
tion of the interests of other ICSU unions, es- 
pecially the newly formed International 
Union of Geological Sciences. 

As UMP developed, it became obvious lhat 
special attention needed to be paid to conti- 
nental margins and island arcs and to the 
ocean ridge system, for it was In these areas 
that most of the volcanic and earthquake ac- 
tivity look place. Commissions were formed 
to coordinate actvities in these areas and this 
represented a move from coordinated re- 
search in the individual disciplines to multi- 
disciplinary studies of specific areas or phe-_ 
nomena. It was during the UMP that Investi- 
gations jn several -areas led to the development . 
and acceptance of flie plate tectonics model. 

The areas of investigation included magne- • 
dam and paleoniagnedim, coupled with deep 
sea drilling and micropaleontology, and sete 
mology, Including studies of seismicity, atten- 
uadon, surface wave dispersion, and earth- 
quake mechanisms. •: 

The plate tectonics model was responsive to 
the three major problems about the crust- 
mantle system .outlined by Ewjng. It is basical- 
ly a simple model. U depicts the oliter shell of 
the earth, the llthoiphere, as broken imp a ’ 
small number of large plates moving reladve 
to each other and .With their boundaries 
marked by the earthquake zonesi TfiejMcon- , 
verge along the seisjnkally active continental 
mafgiw and arci; they diverge along the axes 
tif the ocean ridges; and they slide along each 
other in areas like the San Andreas rift tone ... 
in California. The model accounts for both - . ' 
die global scale compression^ activity to, ’ 
young mountain systems and island arcs and 
- the global scale timlonai 'ucuvity *long the 
oceari ridge system-rUiis concurrent activity - 
was difficult to explain through earlier mod-. 

els. ' - -• ■» . * , ' -I -I 

•’ The model accounts for the origin of the 


ocean crust, produced along the axis of the 
ocean ridges and, something Ewing had uni 
anticipated, its destruction as well in the sub- 
duel ion zones. Ti accounts for the origin arid 
the nature of at least a part of the continental 
crust although there are many mysteries that 
remain to be resolved here. The moving 
plates provide a mechanism that explains 
many of the dcformaiional features of the 
earth's crust, although the exact nature of the 
driving forces that move the plates is still un- 
certain. It is curious that we rejected We- 
gener’s concept or continental drift because 
he could not come up with an adequate driv- 
ing mechanism, buL we accepted plate tecton- 
ics despite the fact thaL we still lacked a driving 
mechanism. What we did have was better evi- 
dence that the continents had indeed moved 
relative to each other, geophysical evidence 
not available to Wegener. 

The model also responds to Ewing's third 
concern, the possibility of continued ex- 
change of matter between crust and mande. 

In the original, simple model, it was obvious 
that the mantle was contributing materials to 
build new crust and lithosphere along the 
axes of the ridges and that older crust and 
lithosphere were returning to the mantle in 
the subducuon zones. These processes appear 
to have persisted through long periods ol 
time, so it was fair to conclude that the possi- 
bility of conunued exchange of matter exist- 
ed. 

The plate tectonic model was advanced late 
in the life of the UMP and was accepted with 
grace by a very large percentage of the solid 
earth community. There was enthusiasm for 
initiating a followup project to develop and 
test this model. As a result, a new project, the 
Geodynamka Project, was designed to build 
upon the discoveries made during the UMP. 

It was organized as an inter-union program 
of ICSU, jointly sponsored by IUGG and 
1UGS and extended through the 1970s. I 
should note that the national committees for 
this project were to be jointly organized by 
the national committees for IUGG and IUGS 
in participating countries; in a number of 
these countries this was the first time that 
these two groups had ever come into contact 
despite the fact that they were studying die 
same earth. 

The Geodynamics Project viewed the earth 
as a dynamic body, and though much of the 
effort .was devoted to better definition of the 
kinematics of plate motions, a good deni was 
learned about the dynamics of the interior as 
well, particularly in. the ocean areas. . i 
The areas beneath the oceans are geologi- 
cally young and have, typically, been affected 
by a single, major tectonic process ; hence . 
their development and (heir main character- 
istics can be explained in terms of relatively - 
simple thermal models. The continents, on 
the other hand, contain what is left of 95% of 
earih history arid. have suffered multiple tec- . 
ionic indignities; hence progress in under- ' - 
standing them has been slower. In.additiori, 
identification of so-called exotic ter rapes has 
led to the conclusion that fragments of (he i 
continents have moved great distances before 
endipg up In the! r present juxtapositions. 

• -.Article (coni, on p\ 963) 
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FGGE Buoys: 
5 Years Later 


John Garrett 


.«£V , . I,,R lhe final mo,1, lis ol 1978 and early 
la/U large numbers of small 1 1 rifting buoys 
were launched all over ihesmuhcro oceans in 
preparation for Mil- First Global Atmospheric 
Research Program (GARP) Global Ex pe r i- 
mcm. At lhe lime, those of us who had been 
involved in Hie preceding years of planning 
and development were mainly occupied with 
immediate questions— Would lhe Argos satel- 
lite tracking system work? Would the buoys 
survive long enough in form a useful ar- 
ray?—biu our planning had included concern 
over the long-iemi use of die daLa for ocean- 
ographic research. I hc Imny system worked 
peuer ihara wc expected and returned a ma- 
jor data set on the surface currents and tem- 
peratures of die southern wean. Now. 5 
years later. It seems timely to review our 
experience. I will examine what we learned 
about the potential of drifting buoys and how 
pur experience may help us to plan future 
large-scale observing systems of all types 


History 


By the mid 1960‘s h was recognized that 
the absence of a global atmospheric data set. 
would ultimately be a limiting factor in deter- 
mining and exploiting the predictability of at- 
mospheric motions. This recognition led the 
joint Organizing Committee on CARP to 
plan for a global meteorological experiment, 
which, be came known as the first CARP 
Global Experiment (FGGE). One area of 
great concern was the southern hemisphere, 


tern, which was scheduled to replace die Nim- 
bus RAMS system only a few months before 
lhe acLual experiment was to begin. Although 
the transmitter design would be similar to 
those in use, any change seemed likely to ad- 
versely affect its reliability, which was expect- 
ed to be die factor limiting buoy lire. Also 
there was the risk that the new system mighL 
not work at all. The planned launch date of 
the new system was too late to permit any 
major redesign or to correct faults in the 
buoys. However, this risk bad lo be accepted, 
although we were very unhappy when the 
satellite launching was delayed until only days 
before the first buoy deployments, and after 
many of die buoys were already on ships at 
sea. It was a great relief when the Argos sys- 
tem worked nearly perfeedy from the mo- 
ment it was turned on I 
During the preliminary planning process 
scientists with experience in southern hemi- 
sphere oceanography were invited to partici- 
pate. Several attended early meetings, but 
their interest seemed to diminish when it was 
found that die limited number of buoys avail- 
able would result in separations on the order 
or 1000 km to cover the area for which mete- 
orolugical data was required. For some rea- 
son the idea or supplementing meteorological 
lundmg with oceanographic funding to in- 
crease the density of the array in selected ar- 
eas was never seriously proposed, although 
hindsight suggests that this would have been 
a valuable thing to have done. However, the 
oceanographic priorities of the day were else- 
where. 

The organizational framework for the buoy 
system was based on national programs, 
which were coordinated la ensure that the 
measurement specifications were met and 
that the buoy deployments were optimized to 
produce the most nearly uniform possible ar- 
ray. The committee held only five formal 
meetings, one of which was a critical review 
at the end of the experiment, but small, full- 
time centers were set up m coordinate the de- 
ployment and to prepare the delayed lime 
data set. 

The 369 buoys were launched by a collec- 
tion or vessels, including research ships. Atu- 
arette supply vessels, military vessels, com- 
mercial ships. and even a longboat from Pii- 
cairn Island. Aircraft were also successfully 
.red to deploy buoys in the Arctic and in {he 
southern ocean. The deployment plan was 
designed tu produce optimal coverage lUJOU- 
Km-irnd) durimr the tnorini * ■ _ . . . 


over a considerable period of lime while a teorologicul agencies would h 

typical oceanographic cruise produces a more tic some already established Zf 

or leas instantaneous view. In many respects lion. vpe of obttrra. 
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the most interesting aspect of Lhe buoy data is 
in the distribution and magnitude of the vari- 
ability of the drifts. Maps of mcsoscale vari- 
ability show maxim associated with the return 
flows of western boundary currents, and with 
places where the Antarctic Circumpolar Cur- 
rent crosses meridional ridges. This distribu- 
tion agrees reasonably well with maps of 
"eddy kinetic energy" obtained from ship 
drifts and satellite altimetry, and also perm its 
other types of analysis to examine the nature 
of the motions involved. In most areas the 
variance of the currents is large enough that 
the statistical reliability of the estimate of the 
mean is small, particularly for the north- 
south component, which raises some impor- 
tant questions for programs trying to mea- 
sure meridional transports. The niesoscale 
velocities are nearly isotropic, i.e., meridional 
and zonal components contain nearly equal 
energies. The spectra of the buoy velocities 
between scales of 300 km and 50 km show a 


power-law dependence approximately pro- 
portional to the -5/3 power. 


It seems obvious that the buoy motions 
would be directly affected by the wind, but it 
turns out to be difficult to isolate such effects, 
suggesting that they do not play a major role’ 
in controlling buoy drifts. In some regions 

(he buav Irarlrs ar, KinM,, I.. -Li 
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the buoy tracks are highly reproducible over 
penods of several months. The mean and 
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eddy kineuc energy fields contain regions of 
comparatively low values which arc smaller 
than variations in the average wind stress. 
Time lag correlations of the velocities of 
buoys passing through individual points show 
significant correlations after lags of a few 
weeks, longer than the time scale or wind 
variations. In fact, the apparent weakness of 
the buoy response to the wind is perplexing 
since the buoys are embedded in the upper 
mixed layer, which is itself expected 10 re- 
spond to the winds. 

Reports by the meteorological users of the 
data indicate that the buoys permitted a sig- 
nificant improvement in the description or 
the wind field, which also has considerable in- 
terest from the oceanographic point of view. 


Close study of the FGGE buoy data *> 
serves to increase one's appreciation rf 
unsolved problem, of oceanography qT 
ample is our inability to estirEX' SS* 
fee. cm buoy drift. JLl, 
dent that we don't really know whai u 

!* .1.0 LuKcuoRim, drir/oiZaS^S. 
m the upper layer. The definition ofw 
currents -a„d the estimation offtneanS. 
pons become problematical in ar £ JS 
variance of velocity associated wiiK«3 
motions. The bottom topography is c |5* 
important to the mcsoscale Vdy au£l 
the southern ocean, but the piimffirf 
theoreoca 1 understanding seems unable to 
deal adequately with this faa. 

A member or OU r external review commit, 
ec recently asked me whether I considered 

frfn o? the P,anni "« and “ordioa- 

FGGL S>S ‘ em l ° 1,ave b “" Wll 
spent. My response was that it had been \m 

satisfying indeed to have been pan or son? 
lung that worked better than anyone really 
thought possible and that the spirit 0 r genii, 
me cooperation which prevailed had altered 
my view of human nature, but that f would 
reel much better about my efforts when I 
knew that there were lots of people busily uj. 
mg the data in their research. I suspect this 
eelmg is common among those involved in 
arge dam-collection exercises. 1 also suspect 
that many potential data users delicately hold 
oack su as to allow the organizers to have the 
hrst crack at the data, thus frustrating those 
sciy organizers. Thus one of the messages I 
would like to convey is that it is possible to 
improve large experiments by contributing io 
the planning, but even when it is too late for 
that the data probably contain more informa- 
tion thiin con ven tional wisdom suggests, and 
the people who collected it would be only too 
happy for oihcrs to use it. 
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Conclusions 


It took something more than 10 years to uo 
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specifically directed toward the FGGE array 
took Dlace nnlv in iha 1„.i .1 _r .». ‘ 


— , 7 — — - iicmiiijner 

where the large expanse of ocean led to a 

Vfrt, tn», • . 


very low density of conventional meteorologi- 
cal obsen-ations. Although satellite technolo- 
gy was still fairly new, the idea of using orbit- 
al satellites 10 track automatic platforms and 
collect their data had already been proposed, 
and systems using inexpensive transmitters 
were on the drawing boards in the United 
States and France. Although the initial objec- 
k? 1 * 1 lb * P«nch Eole system and the 
U.S. Nimbus RAMS system were the tracking 
or constant, pressure balloons, it was quickly 
obvious that the light, low power balloon 
transmitters could be used on small floating 
buoys. This gave rise lo the idea that a system 
consisting or free-drifting buoys measuring 
surface pressures together with constam-prcs 


, , ouoy nieiime, the ar- 

ray ws deployed gradually between Novem- 
ber 1978 land July 1979. The planning was 

S f r ful '^ shown b >’ i!,e 

that 70% of the ocean between 20°S and 65°S 
was within 500 km or a working buoy from 
April until September 1979. ’ 

Data were collected and distributed from 


, — ' — “ uisinoutea from 

!S:. b “h ar i b “™" N«™ber_197« .nd 


ni.l. LUII»d[||- 

sure balloons giving wind data at one or 
more levels might provide the required infor- 
mation from tiie southern hemisphere. 

The French balloon group stimulated buoy 
activity by making some buoys and balloon 
trnnsmi tiers available to oceanographers in 
early 1972. Although the first balloon trans- 
muiei's proved too fragile to survive long at 
sen ' oceanographers were not slow to see the 
possibiliiies of a xjsicm in wlirch a himv 

rvitviiMrl I*.. Q/1 1.^. —f t ■ l . . 


ya “■ J “?' 1979 ' W|1E " >l'ere 
™ from lhe sou. hern 

ocean. These data were distributed within a 
few hours for use in operational meteorology 
and oceanography. They were also archived* 

T" 1 j h use> aftcr a q u al«y con- 
process based on comments received 
from lhe operauonal data users. The ar- 
chived data for the FGGE operational year 
(November 1 978-December 1979) have been 
ava,lable smee July 1981 and those for the 
following year since January 1982 [Gantt, 
laBOJ. A companion report which reviews the 
^imanceof every buoy is also available Vo 

SSi r r ^ rdi, « data quality 

[tt arid Meteorological Orgmuution. 1980] 
Temperature maps produced using that real 
time data set were distributed during the on- 
erationol year and have been compiled into P a 
report [Keeley and Taylor, 1982J. " 


■ , , * . — — me l oot arm 

look place only m the last 4 of those years, 
but they were very busy ones and depended 
eAT ier resu R*; Another year would 
Sf e ' COnie to a ‘ low P~l*r testing 

wed L T 5 T lCm ’ but co,lslraillts im- 
posed by other elements or the overall FGGE 

wouM not permit this. Allowing for biidgcl 

vBmaden 1,181 tllC a * e,,cles 
W, R niade commitments to Lhe program :u 

Illv ? i ef ° re lhe ex P er 'meut was aciu- 
ally scheduled to take place. The neccssnrv 

long time scale effectively restricted lrariichj-i- 
Mn to government agencies. At the lime that 
commitments were required, the oceano- 
graphic significance of drifting-buoy mra- 

c=r S o f o SUrfaCe T“ WM -H well 
accepied, so oceanographers were reluctant 

.■' Kh venture. 
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the oceanographic value of the dm, 1 1 " ™ 


‘-are 10 ensure Him 
the oceanographic value of the data was con 

Climatological Atlas 

, « — of the World 0cean 

mg that there ha, not heen . u:., 


Oceanographic Results 


‘“pWW and somewhat disappoint- 
JnB.»haL there ha, not been more effort in «r 
P‘ 01 ' lh “ fredy available dau w. One p^l 
11 “ “a •«> sooner 


— ........ ... ~ ... wim. 11 u nuuy 

powered by 20 kg of baiiericx could be fnl- 
lOW*' 1 •-- 


— # __ ..f, ... ,'UL,vin ..1 LUHLll IJC ini- 

lo wed Tor up to a year. Enilmsiasni for the 
Nimbus RAMS system, with its comparatively 
low-cost transmitters, led to the initiation of' 
drifting buoy programs in Australia. Canada, 
'ranee, South Africa, and the United State*. 

Thus in. 1974, when planning began in ear- 
nest for the FGGE system, there was some 
experience will, satellite-tracked drifting 
buoys which, combined with parallel experi- 
ence with small meteorological buoys, sug- 
gested that the system was feasible. However 
there were serious fears Hint barometric pre,'- 
sure observations could not be made to the 
required accuracy by any automatic station 
unattended for a year, even IHt were not 
mounted on a smalt buoy. It was also clear 
lhat achievement of buoy lifetimes long 
enough to make the project practical would 
rax the limits of our engineering capabilities. 
Nevertheless, optimism prevailed, develop- 
ment programs were established in several 
countries, with early positive results, and 

nmnmno ^ J 


planning proceeded. 


One dement beyond the control of the 
buoy group gave rise to great concern: the 
use of a new, untried satellite tracking sys- 


Within a Tew months, the real time data 

hal !" SCVeral P l,blicali °»» showed 

that the buoy data were m general agreement 

1 h conventional thinking on (he circulation 

loanm 3 thei L n 0cefln [Kori ’ ,981 = Mdn£ 
I980J whde others used it Tor regional studies 

[Lupkann et at, 1981], Although some nrj- 
I minary reporu based on the full, archiied 
data set have appeared [Garrett, 1981], more 
complete studies have been delayed by die 
sheer volume of data. A few groups are cur- 

the data*' iSj 1 1 T l - din i erCnl P roble ™ >«*ng 
nd, L n ? P ub,,ca [ io >« are to \ K expected 

m the next few luomlis. ^ 

My own work suggests that the oceano- 
graphic potential ofihe buoy data is very 
high. Maps of mean buoy drift velocities av- 

3 r °°' kni cella resemble estab- 
lished ideas of the general circulation and 
show significant correlation with surface cur- 
rents computed from dynamic heights. Lin- 
ear regression coefficients between buoy 

! nd C T en, f “nipmed from dynamic 
heights have the values that would be expect- 
ed from the computed profile, of barodinic 
shear. However, there are important differ- 
ences between the buoy mean currents and 
those deduced from density data related to 
me tact that the buoy data- were collected ■ ‘ 




A project to objectively analyze histon 
ocean temperature, salinity, oxygen, an 1* 
cent oxygen saturation data for die wo 
ocean has recently been completed at 
tional Oceanic and Atmospheric Aom . 
tion’s (NOAA) Geophysical Fluid DynM>w 
Laboratory, Princeton, New Jersey. Th 

of future large-scale oro™™ VI! P ,a " ncr5 suits of the project are being madeav^law 
data obtained are exoecied in ’ h wbere ,b ® through distribution of the 

wider than Z 3*l haV ' ! “»T <fll* World 0, 'an. (NOAA Profe^ 1 ^ 
grain, should be^ware °hat tl,e Pr °" Na 1 3 >* and through distribution 

ers may not automatically and i cco " dar V U8 ‘ ic tapes containing the objecU v e a na |y * 
rtcognL th, “SuJ 5 . The iourcc, of data rned In lhe 


few nanpr« A '”.r y , ' puoticalion of s 

ofTuZ “■ Th .= 


962 


.pSer to ret upfbuoy netWork^ V - apnal objccUyely analyzed 

- ! ' ;V-.; ; V-’ na ^ onal p>*. . 'T-tqmperature and salinity were produce^ « 
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nandard levels from the sea surface through 
1500 m depth. Monthly, objectively analyzed 
of temperature were produced at 19 
sundard levels from the sea surface through 
a depth of 1 000 in. 

Details of the processing of the data and 


their distributions in space and time appear 
in the atlas. Results are presented in the atlas 
in several ways. Contoured horizontal maps 
or the analyzed fields are given, as well as 
zonal averages of these fields over individual 
ocean basins. Maps of derived quantities such 


as geopoiential thickness, Briim-Vfluiila fre- 
quency, and mixed-layer distributions are 
also presented. Basin means of the analyzed 
fields are presented in both tables and fig- 
ures. An example of one of the standard-lev- 
el analyses, the field of potential temperature 
at 2000-m depth, is shown in Figure 1; dis- 
solved oxygen at !50fi-m depth is shown on 
the cover. The relatively large meridional 
temperature gradient centered at approxi- 
mately 55°S is associated with the flow of the 
Antarctic Circumpolar Current. The injection 
of relatively warm Mediterranean water imo 
the north Atlantic is quite apparent. The atlas 
also contains discussions or the various maps 
and figures. 

A packet containing 17 microfiches, at- 
tached uj the atlas, provides three types of in- 
formation: (1) computer contoured maps of 
all standard-level analyses for the annual 
mean fields, as well as the standard-level 
analyses of temperature and salinity for the 
upper 250 m of the water column for each of 
the four seasons; (2) maps of the distribution 


temperature, salinity, oxygen, percent oxygen 
saturation, potential density, and anomaly of 
specific volume. 

The data used in computing these statistics 
are the quality-controlled observations used 
tu compute the one-degree square means that 
served as input to the objective analyses. 
These statistics arc presented for all standard 
levels Tor the annual period and at all stan- 
dard levels in the upper 250 m of the water 
column Tor each season. 

Copies of the atlas (#003-017-00509-7) are 
available for $1 1 from the Superintendent of 
Documents, U.S. Government Printing Of- 
fice. Washington, DC 20402 (Id.: 202-783- 
3238). 

Magnetic tapes containing the annual mean 
analyses (two tapes) and the seasonal analyses 
(four tapes) are available at $1 10 per tape. A 
flier giving details about the data sets and 
tape formats is available on request from 
NODC, User Services Branch, NOAA/NES- 
D1S/EOC21, Washington. DC 20235. 


of temperature, salinity, and oxygen observa- 
tions by one-degree squares at selected stan- 


dard levels and averaging periods; and (3) 
statistics (number of observations, mean, and 
standard deviation) by five-degree squares of 


TAit report was contributed by Sydney Levitus, 
u'Ae is with the NOAA Geophysical Fluid Dynamics 
Laboratory, Princeton University, Princeton . Nl 
08542. 


Altlde (cant, from p. 961) 


Questions Raised by 
Plate Tectonics 


The plate tectonics model answered many 
questions and, as expected, revealed many 
nw ones. At the beginning of IGF, future 
research oil the thermal state or Lhe earth's 
interior seemed to require reliable ways of es- 
timating the temperature profile; now, with a 
tooveoing earth, lhe present thermal regime 
is ml rigidly tied to cosmology; instead ihc 
boundary conditions appear to be lied tu 
plale motions. 

We have come to accept that ophioliics, an 
association of ultrabasic i ocks, pillow lavas, 
and deep sea sediments defined by Stcin- 
mann early in this century, represent the 
remnants of ancient ocean crust and mark 
the sutures between former fragments ol 
comments now glued together. The absence 
of this trinity in very ancient rocks has raised 
questions in the minds of many ahum lire ;ip- 
pfohdity of the modern plate tectonics mod- 
dtothtraljcr history of the earth. 
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Studies of the ocean ridges and crust have 
revealed that exchange of materials between 
crust and mantle is more extensive and takes 
place at more rapid rates than previously 
thought. Sea water circulates actively through 
the crust of the ocean ridges. This not only 
produces polymetallic sulphide deposits at 
rates which come dangerously close to mak- 
ing these renewable resources, but it alters 
the ocean crustal rocks as well. Hydrothermal 
circulation may affect as much as one third of 
the ocean crust and subdurtion of this crust, 
possibly together with sediments, returns 
ocean water to the mantle. Fyfc has estimated 
that (lie ocean mass recycles through the 
mantle about once every billion years or in 
ball that time if pelagic sediments are also 
subducted. 

From ice cores I rum boreholes in Green- 
land and Ant.irclird, through deep sea drill- 
ing, and through geological studies on land, 
wc .ire beginning to understand the nature of 
climate variations in the lime frame oT thou- 
sands l>> inuiiY millions uf years, variations 
due to hnih internal and external forces act- 
ing mi the earth. 

The .satellite observations begun io study 
the ionosphere and the magnetosphere dur- 
ing IGY were extended io provide data about 
the solid earth and the terrestrial planets. 
These observations have not only provided 
exciting new data about the earth, but have 
proved to he of great value in understanding 
its early hisioiy, the lirsi i*U0 million years for 
which no evidence has been found in the 


geological record, 
taut f 


Rocks brought back from the moon date 
back almost to the beginning of earth history. 
Direct examination of these rocks and of im- 


nges from other terrestrial planets together 
with geochemical and geophysical data de- 
rived from the earth's interior have allowed 


us in reconstruct this early history and to 
draw i nie ten ccs about why the earth is the _ 
only one of these bodies with a plate tectonic 
history. The delicate geochemical techniques 
developed for study of the moon rocks have 


proved invaluable when applied to the earth. 
The margins of the continents arc especial- 


ly significant areas bemuse thev reflect the 
rifting or the subduct ion or collision process- 
es (hut are integral to plate tectonics. Unfor- 
tunately, they arc divided by a coastline and 
the techniques used to study die land and the 
water covered areas are different and are 
used by different communities. Through 
joint programs extending from pure ocean lo 

E ure continent considerable progress has 
een made in understanding these, the major 
discontinuities in the crust (see Figure 1). 

The continents themselves have noL been 
well explored except in the near surface, but 
through deep seismic reflection measure- 
ments we are beginning to see the complexity 
of Lhe lower crust and the upper mantle and 
to appreciate that our cartoons of the geology 
as depth, projected from near surface investi- 
gations, are often just that, cartoons. 

The Geodynamics Project has been sue- 
ceeded for the 1980’s by a. new program, the 
Lithosphere Project, which has only recently 
begun. This project recognizes that to under- 
stand the history and structure of the crustal 
roclu, one must understand the nature of the 
lithosphere, how it developed through time, 
the chemical reservoirs that contribute lo .tm 
to which it contributes, and the processes iha 
have affected and continue fo affectit A ma- 
jor thrust of the protect is to define wha ihe 
lithosphere actually L It nar 
name a project after something that w JHdc 
fined, but Professor BeloussOv, some 
ago, in reference to the;poprly dtfned upper 
mantle, remarked that this gave £$9*** 
nf mnnbiR room; « did not put ait afuficml 


t did not put an arunue 
limit on possible research* The lithosphere 

« OrigSy £ 


was 


century on' the basis or rheology: rt> 
where lateral flow could Itakj phjWp: . 
tain Uo„asy. 


tkjn/and none of the definitions *re ** 
same. ’ • . ; . ’ - :V: ■ ; ‘ 


Another main thrust is to better under- 
stand the continental lithosphere which con- 
tains what remains of 95% of earth history. 
This should not imply neglect of the oceans, 
for it has been through processes acting be- 
neath lhe oceans and around their margins 
that much, maybe most, of the lithosphere 
has been constructed, Nor docs it imply ne- 
glect of the earth’s interior since this is the 


source of the energy that drives the geadyna- 
mic system and of ine materials that make up 


the crust and the rest of the lithosphere. 


Potential Benefits 
of a New IGY 


Through the international activities men- 
tioned above; through the International Geo- 
logical Correlation Program of IUGS and 
UNESCO, which makes it possible for geolo- 
gists of many countries to get together on 
projects uf mutual interest; through scicmiiic 
ocean drilling; and through the Decade or 
North American Oologv ol the Geological 
Society ol America, designed to produce by 
1988 a scries of modern maps and volumes 
on the geology uf North America and its 
margins— through these projects it might ap- 
pear that the solid earth people have about 
all of the inlet national and interdisciplinary 
activities that they can stomach. Why, then, 
think in terms of another IGY-type program? 

One reason is the large experiment. For 
example, we really don’t know much about 
the continental crust. We examine the surface 
rocks and try to work out the structure; we 
examine the deeper crustal rocks where they 
have been flung out by diatremes, volcanic 
vents; we use remote sensing techniques to 
probe within the earth to determine its char- 


acter; wc look at it on a large scale from 
space (sec Figure 2). Only recently have wc 
had tools sharp enough to give us any kind of 
detail about the deep crust and upper man- 
tle. When wc lnuk at thc detail, we find that 
tiie relationship between surface geology and 
deep struct u re is not quite as simple as might 
be assumed. 

Thc Soviets decided some lime ago to look 
at thc deeper crust first luind and for some 
years they have been drilling a deep hole 
through thc ancient crystalline rocks of Kola 
Peninsula. It is planned for 15 km and is cur- 
rently at about 13 km. This hole has revealed 
a number uf surprises. It drilled through a 
discontinuity identified by seismic refraction 
measurements, the Conrad discontinuity, hut 
no changes in density, seismic wave velocity, 
or other physical properties were detected at 
that depth. Gases and inflows of strongly 
mineralized waters have been encountered 
throughout the hole, even at depths below K» 
kin, where lonuuon wisdom would suggest 
that the pores should be closed. Metallic sul- 
phides were found at depths nf 9.5 kin. The 
temperature gradient was quite different 
from that expected, and they report lhat ihe 
contribution of heat front radioactive decay 
within the rocks penetrated by the drill ap- 
pears to be insignificant. 

A continental scientific drilling program 


has been proposed in this country to comple- 
! nil 


men! the highly successful ocean scientific 


drilling program. The initial emphasis has 
pla 


been placed on holes of opportunity — holes 
drilled for other purposes — and this venture 
has been quite successful. But the time is ap- 
proaching when dedicated holes will be re- 
quired in well-explored areas to answer ques- 


Artfcle (rowf. on p. 964 ) 


SECTION 1 
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fig, 3. Rqtary drill coles; a distorted record. These cores of deep-sea sediments were 


bbtafned by conveiUioral rdiary drilling at Pacific Site 83. These cores represent tire Same 
[piei-val illustrated In Fig. 3 and should show the same features. But the drilling teclinique 


has gfdssly disturbed the sediment, as evidenced by near vertical layci 
and distqrted burrows (photo courtesy of John Imbrie). 


layering, flow patterns, 
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%. 4. Hydraulic piston cures: an im distorted record. These cores of deep-sea setli- 
mems were obtained by hydraulic piston coring at Pacific Site 50SB. Note the discrete, cy- 
lindncal worm burrows and the horizontal contacts between different layers— features 
winch i ndicate that the samples contain an undisturbed recoid of earth history (photo cour- 


Article front, from p. 963) 

lions about the thermal regimes in the crust; 
the movement of mineralized fluids and the 
processes through which mineral deposits are 
formed; the processes related to earth defor- 
mation and earthquakes; and the nature and 
history of the ancient crust. The casts of 
deep, dedicated holes are large, and consider- 
able geological and geophysical data will be 
required to select suitable sites for drilling. A 
major thrust to better determine the nature 
of continental crust and the processes affect- 
ing it would have a great deal of merit as part 
of a large future program. 


Another reason might be to focus on a spe- 
cific question, such as the transfer of energy 
and matter to and from the solid earth on 
time scales that are of interest to the biolo- 
gists. the oceanographers, and the atmo- 
spheric scientists. Ve do not have a very 
good grip on the magnitude and composition 
or the materials that are being ejected by the 
solid earth into the atmosphere or the oceans 
nor of die rates at which this happens. Simi- 
lar uncertainties exist with regard to the na- 
ture of the materials being returned to the 
interior of the earth in the subduciion zones. 


On top of this, it has been suggested in re- 
cent years that extraterrestrial inputs of ener- 
gy and matter may have had significant im- 
pact on the earth's environment and life and 
the evolution of that life. Major experiments 
to better define the fluxes of energy and mat- 
ter into and out of the solid earth could be a 
fundamental part of a new international pro- 
gram. It goes without saying that suitable lo- 
cations For such experiments would be geo- 
graphically diverse, on land and at sea. 

Still another reason might be to improve 
our ability to measure time. A century ago 
there was a consensus among paleontologists 
that the time required for observed organic 
evolution was of the order of hundreds of 
millions of years. Biil then. Lord Kelvin, on 
the basis of then-known sources or energy, 
calculated that the earth had been habiiaole 
for only a few lens of millions of years. This 
caused some panic, but it was resolved by the 
discovery of radioactivity. This not only pro- 
vided a new source oF energy, not considered 
by Kelvin, but it also provided methods for 
absolute dating of the rocks. In this case, the 
paleontologists won over the physicists. 

Now we face a new controversy, one that 
suggests that short-term, singular events, 
such as impacts of extraterrestrial bodies, 
may have played a major role in the evolu- 
tion of life. This suggestion is coupled to the 
question of whether evolution is gradual or 
punctuated, whether we are dealing with the 
survival of the fittest or, perhaps, the survival 
of the luckiest. We again have a problem with 
lime, in this case with how well we can mea- 
sure it. Fossil chronology was calibrated 
against radioactive dating and, more recently, 
magnetic stratigraphy has given us a way of 
determining comparative age in favorable lo- 
cations to within, say, 10,000 years. This is 
very good in terms of a geological time scale 
of 4.5 billion years, but it is tantalizingly far 
from being good enough to resolve major 
questions about the effect of large, geological- 
ly instantaneous events on organisms or on 
the global environment. Our tools are getting 
better and new methods for time discrimina- 
tion are being invented. It remains to be seen 
whether the paleontologists or the physicists 
will win this one (see Figures 5 and 4). 

Time discrimination is fundamental to the 
measurement of rates. We conclude, from the 
record in the rocks, that formation of new 
crust at the ridge axes takes place at rates of 
centimeters per year, but we don't know 
whether this takes place rapidly or intermit- 
tently because we look at the integrated result 
of processes operating over a long period of 
tjme. We haven’t actually measured plate mo- 
tions yet. but some of the new space tech- 
niques show promise of being able to do so. 

A Focus on improving time resolution could 
help us to resolve some of the major ques- 
tions about processes and the rates at which 
they occur. 

I have aired a Few of my own prejudices 


and. knowing my colleagues in the solid ant, 
sciences. I do not th.uk that they would 
shy alxmi offering a few more. M ost 

T i ll , ,al 1 »‘ e »donedeariL 

have had few physical resources SDerifi«n 
their disitosal; they depended upo^X* 
mal, disc lphne-onet tied support system. 7 
believe that a well-designed' priSrf * 
search focused on a limited 
cipa! objectives and marshaling, f 0ra JJJ 
the proper human and physical resouK* 
could result in significant advances and th, 
these advances could be speeded ihroutrhH 
leraciion and collaboration with our col 
leagues in other countries. 

King I lubbcrt said in a recent interview 
that the importance of any science! socially i, 
its effect on what people think and on wh« 
they do. \\ uli reference to geology, he noted 
that m the period beginning about two cento- 
nes ago. people like Hutton, Lyell, and Dar- 
wm influenced how people thought- they 
gave us a geological view of the history of the 
earth rather than a Biblical one. Then in Z 
period beginning about a century ago, redo- 
gists became more utilitarian, concern ratine 
on the search lor resources. They infl ue „Jd 
how people lived. Now, at present, perhaps ii 
“ time for geologists to again become a major 
force in how people think, rather than how 
they live. 

How we think about the earth depends 
upon our perception of the earth. One of die 
striking contributions of the space probes of 
the 1970's was their photographs or the earth 
from space, which made it dear to anyone 
who looked at them the finite size of the 
earth. This appreciation was sometimes ac- 
companied by apprehension that its finite site 
was coupled with a limited carrying capacity 
as a life support system. These apprehension! 
were not without foundation, but it is hard to 
conclude wliat this carrying capacity is when 
we have not yet been able to quantify or to 
fully understand the many phenomena and 
many interactions and feedbacks among these 
phenomena. We who study the earth, its wa- 
ters, its atmosphere, and its place in the solar 
system can respond to Hubbert's challenge by 
striving for better understanding of these 
phenomena and these various interactions; by- 
providing a solid scientific base upon which 
perceptions, and decisions, can be based. 
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Computer 

Proposals 


To expand Lhe research community's access 
to supercomputers, the National Science 
Foundation (NSF) has begun a program to 
match researchers who require the capabili- 
ties of a supercomputer with those facilities 
that have such computer resources available. 

Recent studies on computer needs in scien- 
tific and engineering research underscore the 
need for greater access to supercomputers 
(Eos. July 6, 1982, p. 562), especially those 
categorized as “Class VI" machines. Complex 
computer models for research on astronomy, 
the oceans, and the atmosphere alien require 
sucli capabilities. In addition, similar needs 
are emerging in the earth sciences: A Union 
session at the AGU Fall Meeting in San Fran- 
cisco this week will focus on the research 
computing needs of (he geosciences. A Class 
VI supercomputer has a memory capacity of 
at least I megnword, a speed of upwards of 
100 M FLOPS (million floating point opera- 
tions per second), and both scalar and vector 
registers in the CPU (central processing unit). 
Examples of Class VI machines are Lhe 
CRAy- 1 and the CYBER 205. The high costs 
of these machines, the most powerful ones 
available, preclude niost research facilities 
from owning one. 

Impetus (or the program comes from die 
recent report by the Panel on large Scale 
Computing in Science and Engineering, com- 
missioned by NSF and the Department of De- 
fense and chaired by Peter D. Lax. The panel 
said that although the United Slates has been 
and Is the leader in supercomputer technolo- 
gy, “this position or leadership is seriously 
undermined by the lack of broad scale exploi- 
tation, outside of a Tew national laboratories, 
of the scientific and engineering opportuni- 
ties offered by superconiputlng, and by a 
slowdown in the introduction or new genera- 
tions of supercomputers. 11 

As a result of lids report and of similar 
conclusions reached by other government 
{groups, NSF solicited proposals from institu- 
tions with supercomputers to' make available 
■ their unscheduled computer. resources during 


. • '• :■ • .,v 


fiscal 1984. NSF plans to award funding to 
one or more insututions to make available su- 
percomputer resources to NSF-supported re- 
searchers. 

NSF is now accepting requests From re- 
searchers for computer time. Proposals 
should be organized according to "Grants for 
Scientific and Engineering Research" (NSF 
83-57). Requests for computer time should 
be slated in equivalent CPU hours op a par- 
ticular Class VI machine. To aid in the evalu- 
ation of requests, NSF asks that those submii- 
Ung proposals describe prior experience with 
Class VI machines and to explain why access 
to such machines is essential for the success- 
ful completion of research. A letter describ- 
ing these requirements has been sent to all 
active NSF awardees by Edward F. Hayes, 
chairman of the NSF Supercomputer Task 
Force. For additional information, contact the 
NSF program officer most appropriate to 
your research field .— BTR 

Boninites 
and Island Arcs 

The petrographic term to describe glassy 
volcanic rocks from the Bonin Islands in the 
Western Pacific has been around Tor nearly a 
century. Currently, however, "boninitic" has 
come to mean a process, and indeed bonin- 
ites include n broad set of komatiiic-like 
rocks, which characterize Pacific Island arcs 
Boninites are usually associated with ophical- 
cites. Their interest geophysically, stems from 
their probable role in island-arc formation. A 
while ago W. E. Cameron, E. G. Nisbet, and 
v, J. Dietrich drew analogies between bonin- 
iles and Archaean basaltic komatiltes and also 
the well-known variable experimental param- 
eter "pyrblile" {Nature, 280, 550, 1979). 

More recently, Cameron in collaboration 
with his Australian National University col- 
leagues M. T. McCulloch and D. A! Walther 
has alluded to "boninitic volcanism" as a 
. broad phenomenon {Earth and Planetary Scl- ‘ 
■ ence Letters, 65, 75-89, 1983). In an analysis 
or major and minor chemical elements,. 

HREE and LREE, and Nd-Sr Isotopic coiripth 
sitions, they observe $ chemical decoupling, 


which suggests that a mixing process was in- 
volved with the formation of boninites. 

In their recent paper, Cameron and his 
colleagues state that boniniie is the field term 
for "high MgO, intermediate-SiOs rock which 
are unusually primitive (Mg/(Mg + Fe 8+ ) > 
0.7. hicrh hJi anrl ... , 


0.7 ; high Ni and Cr) and are unique minera' 
logically: sometimes containing clinoensialile 
and, as extnisives, not crystallizing plagio- 


dase. Boninites thus contain quench pyrox- 
ene, olivine, or low-Ca pyroxene in glass, 
which is 30-50% by volume of the rock. In a 
sense comparable to the adding or subtract- 
ing or components in the laboratory to make 
pyraliie” come out right, Cameron and col- 
leagues suggest, boninites have had a com- 
pound geologic history. 

A two-component mixing model is support- 
ed by the analyses of boninites from the Bo- 
nin Islands, Cape Vagal peninsula, Papua 
New Guinea, New Caledonia, New Zealand, 
and Cyprus. The two components include an 
incompatible, element-depleted lherzollte 
type of rock and a hydrous, Incompatible, el- 
ement-enriched fluid melt phase. The en- 
nched component fluids could have been de- 
rived from many sources. Cameron and col- 
leagues prefer the following: ‘The presence 
of wo components in boniniie genesis may 
be linked i° the common juxtaposition of 
.ubduMd crust and depleted mantle i„ , ub - 
due Ion zones, allowing ample opportunity 
for these sources to interact, "—PJWfl 7 

Geophysical Events 

bJiri ^ "“a °* SBAN Bvf <*Un, 5(10), Octo- 
tution's Sdcntffic Even t 
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Volcanic Events 

Miyakcjinia (japan): 4 lavn flows, 4 explosion 
craters From 10-liour eruption 
Kusatsu-Shirane (japan): Explosions eject 
large tephra . , 

Kilauea (Hawaii): 1 0th and 1 llh major pnaies 
of E Rift Zone eruption 
Mt. St. Helens (Washington): Deformation, 

SO* emission, and seismicity increase as 
lava extrusion pattern changes 
Veniaminof (Alaska) i Lava fountains and 
flow; ash emission; increased tremor 
Pavlof (Alaska): Large eruption column; 

tremor . 1(!r 

Villarica (Chile): Tephra ejection; pyroclastic 
flows; summit glow 
Costa Rica: Continued lava extrusion at 
Arenal; fumarolic activity at Pois, Irazu, 
and Turrialba ' „ 

El Chichdn (Mdxico): Fumarole and crater 
lake temperatures decline 
Tangkuban Parahu (Indonesia): Seism* 01 / 
continues to increase , 

Una Una (Indonesia): July-August exp 103 
times, plume heights, and photos _ ^ ; 
Rabaul (New Britain): More than l,. 

ra earthquakes in October, 2.5 x 
total and 85 x monthly average; “it acw , , 
mulated gradually until stepwise chang 
Up to 40 microraaians accompanied la 
October sw^rm . l 

Manam (Bismarck Sea): Tephra clouds, g .. 
rumbling; increased seismicity , ' 

Ijngib (New Britain): Moderate vulcap . r. 

•, activity; explosion events; tremor . n ■ 

• Pagan (Mariana Is.): Explosive etuptio. . 

'i September 20 ' ' v-Jiri. 

• Atmospheric Effect*. Lower stratospncnc i«r 
: : er;. source uncertain . ' I : • i' >/<A : , V : 
■; . ' Vmiaihmof Volcano; Alaska y • S ■ ; 

I' (S6;irN, l59.38 i W). AU times dr* local, f. v . ■_ 
‘.jffcjo h^rev rissiirrilnK in eany 
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SiiKch Knifed V.^'v pt-^.hintrs). Afferi resuming m eany , 
•'••• $ ’**■' • J , erUptiye activity 'jrontiniietj through • • 
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TABLE 1. Average and Maximum Number of B-Type Events per Day at Tankeuban Par- 
ahu, Between May and Mid-October 1983 8 


August 


September 


May-July 1st Week Last Week 1st Half 2nd Half 


October 
First Half 


Average 

Maximum 


TABLE 2. Data on July-August 1983 Explosions of Una Una Volcano. From Volcanological 

Survey of Indonesia 


Plume Height, km 


July 30 
August 1 
August 1-2 
August 2 


,UgU5L 2-3 
.ugust 4 
ugust 6 
ugust 7 
ugust 1 I 
ugust 12 
ugust 18 
ugust 22 
ugust 24 
ugust 25 
ugust 26 


1623 

2325-0021 

0400-0605 

1500-2010 

0002-0045 

1630-1730 

1 615—? 

1834-2000 

2130-0230 

0314-0600 

0800-0900 

1905-0200 

0915-1100 

1520—? 

1100-1900 

1115-1135 

0047-0147 

1013-1240 

I203-? 

2148-2220 

1847-2000 

1023-1139 


November. On the night of October 23-24, 
residents of Pferryville (population 100, about 
25 km S of the volcano) observed lava foun- 
tains at the summit, and on October 30 they 
observed lava flowing down the SW flank of 
the intra-caldera cone. On October 3 1 and 
November I , an ash cloud rose I km above 
the vent. 

Bad weather prevented overflights by 
USGS personnel during late October. During 
an overflight on November 4, a very light-col- 
ored vapor plume containing a little ash rose 


approximately 100 ni above the vent and 
then was blown lo the S. Lava flowed clov* 


then was blown to the S. Lava flowed down 
iheSW side of the intra-caldera cmie extend- 
ing the lava flrli.i t«* the- S. Tlicv did noi nl>- 
setveaoy meli w.un in tin- l.uge nc pits pic- 
vioudy melted into the vakler.i Ue by the lava 
tows, W the view was obscured by the erup- 
tion cbuA. • 


Seismic records available through October 
8 showed low-amplitude continuous volcanic 
tremor beginning October I at 1200, On Oc- 
tober 2 die amplitude increased to slightly 
less than hair that during the June eruption 
(see £oi, July 5, 1983, p. 441). The tremor re- 
mained continuous and uf about this ampli- 
tude through October 8. Some slightly larger 
bursts of Lrcmor were recorded October 4-8. 
The eruptive activity reported on October 3 
by the residents of Perryville was not distin- 
guishable on die seismic recurd. 

Infoiiiiuiioii ('.nut, ids: Betsy Yount, USGS. 
42110 University Dr., Anchorage, AK 99508 
USA; Stephen McNutt, Laiiiuiit-Duhcny 
Goiiugital Observatory. Palisades. NY lOUTvl 
USA. 

Vtlhinai V ole nno. S Chile (19 42 S. 7/.95TV). 
The following is a report from l-lugu Mureiiu 
Roa. 



The Origins of 
Magnetospheric Physics 


James A. Van Allen, Smithsonian Institution 
Press, Washington, D.C., 1983, 143 pp., 
$19.95. 


Reviewed by Wilmot N. Hess 


Professor James Van Allen has written a 
deLighifuI little book on the history of re- 
searcli on the earth’s radiation belt. This his- 
^ is surely unique. It started in the 1950's 
h «h a completely new and unexpected dis- 
covery about the nature of energetic panicles 
w near-earth space. Three decades later it is 
a mature science with a general undersiand- 
togoflhe distribution and energy of particles 
near the earth and a reasonably good theory 
^plaining the origins, life histories, and 

One man dominated the entire discovery 
period— James Van Alien. He and several 
Hudentsaml young staff members at the 
tote University of Iowa planned the experi- 
ems, built the equipment, and analyzed the 
*to Irom the first four earth satellites that 
“““Shi back useful data about particles in 
"ear-earth space. 


The young radio man on the ship told Van, 
"I think I have it," and signals from the satel- 
lite were detected. In his notes Van does 
some quick calculations to arrive aL an esti- 
mate of the weight of Lhe Soviet satellite of 
100 tons or more. His notes also show how 
upset he was at the U.S. bureaucracy for not 
pushing forward with the U.S. program fast- 
er. The U.S. had decided that Lne new Van- 
guard rocket should be developed even 
though a team under Werner von Braun, 
brought over from Peeneniunde, Germany, 
had a Redstone rocket in an advanced state 
of development and nearly ready to go. 

In the scramble after Sputnik I, von Braun 
promised President Eisenhower that the first 
Jupiter C with scientific payload would be 
ready widiin 90 days. Van’s team, with 
George Ludwig responsible for developing 
the equipment, prepared a payload that in- 
cluded a Geiger counter; it was launched on 
Explorer I in January 1958. In March 1958, 
Explorer III carried a Geiger counter and a 
tape recorder for a complete orbit. 

At about this same time, Van got drawn 


into the AEC Argus project. Nick Cliristofo- 
lis, a Greek scientist wonting at die Liver- 


more Laboratory, had proposed dial an arti- 
ficial radiation belt could be constructed In 


«r-rariti space. 

lhe radiation-belt era opened ex- 


-I " me rautauon-beit era opened ex- 
P oavely W i t h the launches of Explorer I, Ex- 
P frr III, Explorer IV, and Sputnik II, all 
particle detectors, within an 8-mondi 
that i i 111 t * iere were carefully laid plans 
the vo , U P lo ex P*°sion. Starting with 
ew,, r PP er Atmosphere Panel in 1946, a 
U,S. scientists had been planning 


space by the explosion of high altitude nucle- 
ar bombs. The Explorer IV satellite, with 
four instruments from Van’s lab, was 


CXDerim — — 

V-2 l ntS to stud y particles in space, using 
latertk ** brought over from Germany ana 
I95ii u U -S- two-stage rocket, Aerobee. By 


|qe, ’ iwu-siage roexet, AeroDec. uy 
bei ’ , international Geophysical Year was 
*arth P , ned and a technical panel on the 
« a nfh’ 16 P ro S ram was set up with Vari 
an#i „ . er - This group reviewed proposals 
orJ^Hed flight priorities for the first set • 
d u *j„V I l menia to he carried out on satellites 
nj- n . 8 . One of the first four experi- 
f 0r ■^ l 8 ne( i flight priority was “a proposal 
by VanAli ray “h^rvations In earth satellites" 


Soviet ; gh A he Iau nchirig of Sputnik 1 by the 
amono H ° cl °ber 1957 caused p sensation., 
that i|L r! P u hlic. U.S. scientists had known . 
riliip. 1 ^, ■ V1ets W(ire planning to launch fat- 


fpr j ro J}, nn 8 the IGY. Van was oh shipboard 

heard tk° n ' au hching. expedition when he 
, “rathe new*, ti,- : u:. 


launched in July 1958. These Instruments 
studied the particle injection from the three 
Argus explosions and showed that Christofo- 
[»' idea, that one could make an artificial ra- 
diation belt, was indeed correct. 

"Within a fourteen-month period we pro- 
vided the principal scientific instrumentation 
for Explorers I, II, III, IV, and V and for 
Pioneers I, II, III, and IV. OF these nine mis- 
sions, ieven yielded valuable radiauoh data," 
Van Allen recounts. It took the data from 
Explorer III to convince the Iowa team that 
their instrument was perforin in g properly. 
They could then see the transitions in radia- 
tion counts: first the expected cosmfe ray 
counting rate, then a very high count rate, 
and then suddenly no counts at all. The proc- 
i ess wa^ later reversed, the high Counts reap- 
pear! ng suddenly and' then decreasing to ex- 
i petted cosmic ray levels. They soon figured 
out that when the counts came to a. Fast, the ■ 

■ system could not: accept thim and registered 
i zero. The conclusion that indeed, there, was a 
, very -fan' count rate due to 'some urtknown 
/ particles in space led^r^:R^y tq make the ,. 
fhiiious and facetious re^k;-, My GQd,.v T .- , 
.space. is radioactive!" . '‘v” . '-K- r . 


“Forest Guards in the Villarica National 
Park reported that the volcano entered into a 
remarkable eruptive stage on October 14, af- 
ter a long period of moderate activity. Con- 
tinuous explosions with tephra emissions and 
some black pyroclastic flows over the ice-cov- 
ered slopes have been observed. By night, a 
red glow over the summit indicates that a 
lava fountain is filling the crater. 

"Villarica last erupted during September 
1980 with small explosions and tephra emis- 
sions. Since the big lava and pyroclastic erup- 
tions of October-December 1971, active fu- 
maroles have been present in the main cra- 
ter.” 

Information Contact: Hugo Moreno Roa, 
Departamento de Geologla y Geoflsica, Divi- 
sibn de Geologla, Universidad de Chile, Ca- 
silla 13518. Correo 21, Santiago, Chile. 

Arenal Volcano, Costa Rica (10.4 7 a N, 
84.73°W). Lava exLrusion has been nearly 
continuous since 1968 from the active vent at 
1450 m altitude at the W end of the elliptical 
summit crater area. The lava flow that was 
advancing rapidly down the NW flank in 
April stopped in July with its front at an alti- 
tude of 625 m above sea level. A new flow, 
the 42nd since 1968, began to emerge in July 
and by September had reached 1380 m alti- 
tude. Gas emission was continuous and strong 
rumblings were heard. 

Information Contacts; Jorge Barqucra and 
Erick FeniAndcz, Programa de lnvestiga- 
clones Vulcanoltigicas, Universidad Nacional, 
Heredia, Costa Rica. 

Ttmgkuban Parahu Volcano, Java, fndonehia 
(6.77 a S, I07.60°E). Seismicity began to in- 
crease in early June and continued to build 
through mid-Ocinbcr bm no surface chnnges 
have been nuted. Tectonic earthquakes and 
both A- and B-iype mkrutremors were re- 
corded. A-type events occurred irregularly, 
usually at one to three per day, but as many 
as five were detected on several days. B-typc 
earthquakes increased substantially , as shown 
in Table 1. 


Earthquakes 


Time 

(UT) Magnitude 


October 4 
October 7 
October 13 
Ocinhci 22 
Octuhei 2K 
October HU 


appendices) is an important contribution to 
the history of science and a delightful re-visit 


the history of science and a delignliul re-visit 
to those early days when this field was new 
and exciting and Van was personally contrib- 
uting the majority of the new information on 
the subject. It was exciting to read sections of 
his log book and Ills personal comments 


Now Available 


Origins of 

Magnetospheric 

Physics 


James A. Van Allen 


Ground deformation did not show regular 


changes. From 10 to 25 mm of irregular in- 
flation and deflation were detected but their 
significance is doubtful. Fumarole tempera- 
tures remained stable at 96°C in the three fu- 
marolc fields (Baru, Ram, and Upas). Civil 
authorities warned of the volcanic hazard and 
the National Park issued an alert to tourists. 


Within a 3-km danger zone, ramping and 
auto parking were forbidden. 


auto parking were forbidden. 

Tangkuban Parahu's most recent reported 
eruption was in 1969, when phreatic activity 
produced a thin ash layer on all sides of the 
volcano. Increased thermal activity in 1971 
ejected small columns of mud. 

Information Contact: Adjat Sudradjat, Di- 
rector, Vokanological Survey of Indonesia, 
Diponegoro 57, Bandung, Indonesia. 

Una Una Volcano, Sulawesi, Indonesia 
(0.ITS, I21.6PE). All times are local (=> UT + 
8 hours). After at least 10 days of seismicity, a 
major explosive eruption of Una Una began 
July 18. All residents of the island were evac- 
uated before the devastating explosions of 
July 23 (see Ecu, September 6, 1983, p. 537). 
A Volcanological Survey of Indonesia team 
monitored the eruption from near the island. 
Adjat Sudradjat provided iTable 2 
of their observauans of explosion limes and 
cloud heights, starting with the July 23 activi- 
ty. Images and a table of data (beginning July 
23) from the Japanese GMS geostationary 
weather satellite are shuwn in the September 
30 SEAN Bulletin. 

Information Contact: Adjat Sudradjat, Di- 
rector, Volcannlogical Survey of Indonesia, 
Diponegoro 57, Bandung, Indonesia. 


Meteoritic Events 


Fireballs: Manitoba, Canada; Czechoslova- 
kia, NW Italy, Netherlands (3); Indiana, 
Iowa, Ohio, Oregon (2), USA. 


Latitude DuLgiiude 


Depth 
of Focus 


Region 


2ti.:"jH°S 

8.14*3 
6IJ.2'J C S 
•14.04 *N 
4U.18°N 


7U.75 # W 

74.2ITW 

iru'..36 a t 

25.84‘W 

i i.i.gn*\v 

42.29T! 


3 1 km 
13 km 
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In a relatively short period of lime. Van 
had “concluded that the effect had to be at- 
tributed to electrically charged particles con- 
strained by the earth's external magnetic field 
from reaching lower altitudes and dial these 
particles were in trapped orbits in the geo- 
magnetic field moving in spiral paths back 
and forth between Lhe northern and southern 
hemispheres and drifting slowly around the 
earth." 

Van gave a lecture on May 1, 1958, at lhe 
National Academy or Sciences in Washington, 
laying out diese discoveries of the radiation 
encircling the earth. A reporter asked, “You 
mean like a belt?” Van replied, "Yes, like a 
belt," and evermore it has been the Van Al- 
len radiation bell. 

This little book (it is 120 pages plus several 


about the confusion, opportunities, and gains 
of those early davs. Van sums it up b) saying. 
"I consider 1958 the mosi intense .imi re- 


warding year of my professional life. We had 
a minimal burden of paper work and e moved 


a minimal burden of paper work and enjoved 
extraordinary free ami emrepreneurial work- 
ing circumstances. It is scarcely necessary in 
remark on the contrast with the 1983 circum- 
stances of conducting space research which 
require massive proposing, defending, docu- 
menting. re- proposing, reporting, financial 
and activity accounting and typically a time 
lapse of a decade between the start of a proj- 
ect and its consummation.'' 

Van's first experiment cost $167,000; now, 
with R and QA and parts traceability and 
documentation, it would cost several million. 
The good old days clearly are gone for this 
subject but they were exciting. It is extremely 
valuable to have the man who played the cen- 
tral role re-create them for us. 


Wilmot iV. Hess is with the National Center for 
Atmospheric Research, Boulder. CO 80307. 


Geodetic Applications of 
Radio Interferometry 


Proceedings of Symposium No. 5, IAG To- 
kyo, NOAA Tech. Rep. NOS 95 NGS 24, Na- 
tional Geodetic Information Branch, NOS/ 
NOAA, Rockville, Md.. xii 4- 334 pp., 1983, 
$ 12 . 


Reviewed by C. Boucher • ' 


128 pages Cloth $19.95 
ISBN 0-87474.940-9 


These proceedings contain the pa pen pre- 
sented during Symposium No. 5, Geodetic Ap- 
plications of Radio Interferometry, of lhe Inter- 
national Association - of Geodesy General 
Meeting held in Tokyo, May 7-8, 1982. The 

j i... .i , i/. c . 


symposium, organized by the IAG Special 
Study Group 2.51 oil Radio IiUerFerometr 


Available from yopr bookstore 
or from: V : 


Smithsonian 
Institution Press 


• P.O. Box 1579, . : : 
'Washington; DC 2001 3 J. 
: (202) 357-1793' .. .*i ' 


Study Group 2.51 oh Rddio Interferometry, 
liod eight sessions and 36 papers. . Radio in- 
iierferometry on satellites, such as GPS, was 
not included because this topic; had been ex- 
tensively discussed during other LAG meet- 
ings, such as the Third International Sympo- 
sium on Satellite Doppler. Portioning held In 
Las Cruces, N. Mex.; m February 1982. ; 

■ The: first session contained six papers on 
reference frames. K; I.KeUernmnn's contri- 
bution illustrated' soured;' structure's and' their - 
frequently and time. variation*/ which have' 
significant influence for the mainteqajice of a . 
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Books (root, from p. 96 Jj 

celestial radio catalogue at the miUiarcsecond 
level and for the simultaneous use of two fre- 
quencies during Very Long Baseline Interfer- 
ometry (VLB!) sessions. Tne second paper, 

°y K. J. Johnston and J. S. Ulvestad. was de- 
voted too to celestial frame by comparing sev- 
eral radiosourcc catalogues. Some useful rec- 
ommendations are made for future works, 
particularly by proposing a set of abom 40 
sources to be observed by all investigators. 

Two papers were related to the definition 
and maintenance of a conventional terrestrial 
system by space techniques, especially VLB I. 

S. Manabe's contribution was devoted to some 
numerical computations using several possi- 
ble networks. In case of a VLB! network, 
simulations have shown that 80% of the actu- 
al station displacements were recovered for 
an eight-element network. The paper is not 
self-explanatory. The reader should first con- 
sult Bock and Shen Ivan Zhu’s paper, 
which is a clear, general presentation of the 
problems (relations between inertial and ter- 
restrial frames, combination of various tech- 
niques such as VLB l, SLR. and LLR. mainte- 
nance of a terrestrial frame for a deformable 
earth, choice of the estimation). 

The paper by M. K. Fujimoto et al. dealt 
with relativistic modeling of reference 
frames. Relations between solar system bary- 
ccnlric, geocentric, and topocemric frames 
were dismissed but formulas for the relation 
between only the first two are presented. Al- 
though very dense for n nonspecialist, this 
presentation is rather comprehensive and I 
recommend it. 


Five papers belong to session 2 on earth ro- 
tation. The first one, by D. D. McCarthy ei 
al., dealt with results of connected elemenL 
interferometry. Present results are derived 
from only one baseline. They show an inter- 
nal precision of Q.2-0.8 ms and an accuracy 
of 0.5- 1.0 ms. As such results can be ob- 
tained only a few days after the observation 
time, they are particularly suitable for a rapid 
service. A second baseline and a better mod- 
eling of refraction will improve these results. 
Other papers covered the NGS Polaris sys- 
tem; the results of a global analysis of 10 
years of VLB I data collected by the Deep 
Space Network; the Jet Propulsion Labora- 
tory (JPL) TEMPO program for a rapid and 
operational determination of earth rotation 
parameters; and a pioneering VLB I experi- 
ment. 

Three papers from session 5, on radioin- 
terferometric surveying, are included in the 
proceedings. The first one. by G. Lundquist, 
reported VLBI determination of a 600-m 
baseline between two radiotelescopes at On- 
sala, Sweden. Two experiments using a Mark 
III system show a sub-centimeter repeatabili- 
ty, and an agreement with a conventional sur- 
vey belter than 4 cm. A closure experiment 
with various trans-Atlantic baselines, Hay- 
stack-Onsala, performed between 1972 and 
1978 shows a good agreement in length (2 
cm) but a drastically worse agreement in ori- 
entation (up to 1 in in the Z component). 

More extensive comments on this last result 
would have been helpful. 

A second paper, by W. Beyer et al., de- 
scribed the European Radiointerferometry 
and Doppler Campaign (ERIDOC). Several 


bandwidth synthetic Mark II experiments 
provided baselines between six European ra- 
diotclescopes with a repeatability better than 
30 cm. Comparison with Doppler-derived 
baselines, using colocated receivers and DMA 
precise ephemetides, shows generally good 
agreement if one removes a scale and rota- 
tion bias. Nevertheless, die values of these pa- 
rameters do not fully agree with those found 
by L. Hothem et al. in 1982. Further investi- 
gations abouL inter-comparisons, especially on 
a full error budget, including local connec- 
tions, are needed. 

The last paper, by D. W. Trask et al., was 
devoted to results of the National Aeronau- 
tics and Space Administration/JPL mobile 
VLBI stations, used to survey some 17 sites in 
California from 1 974. 

Session 4 contained six papers devoted to 
VLBI systems. The first three covered Lhe 
Mark III system; the next two described the 
Japanese K-5 system, fully compatible with 
Mark III; and the last presented the JPL/CIT 
correlator named Block II. which is also com- 
patible with the Mark 111 system. 

Session 5 provided live contributions on at- 
mospheric and ionospheric propagation ef- 
fects; session six, four papers on new instru- 
mentation and techniques; and session seven 
contained five papers devoted to future 
plans. 

This report will provide a good review of 
the state of the art of radiointerferometric 
techniques as applied to geodesy. 

C. Boucher is with the hutitut Giagraphique 
National. 9-1160 Saint-Mandt, France. 




f AGCI 

Congressional Science 
Fellowship 

The Individual selected will spend a 
year on the staff of a congress^ 
committee or a House or Senate 
member, advising on a wide range of 

nnhl? , SSUeS 33 ^ Pertain to 
public policy questions. 

„ a PP 1J cants should have 

a broad background in science and be 
articulate literate, flexible, and able to 
work well with people from dlve^ 
professional backgrounds. Prior 
experience In public policy Is not 
necessaty, although such experience 
and/or a demonstrable Interest in 
app ying science to the solution of 
public problems is desirable. 

The fellowship carries with It a 
stipend of up to $28,000, plus travel 
allowance. 

Interested candidates should 
submit a letter of Intent, a curriculum 
vitae, and three letters of recom- 
mendation to ACJU For further details, 
write Member Programs Division, 
American Geophysical Union, 2000 
Florida Avenue, N.W., Washington, 
D.C. 20009 or telephone 462-6903 or 
800-424-2488 outside the 
Washington, D.C, area. 

Deadline: March 31, 1984 , 
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PotMmAraliabi,, Service i. Supplier, Course, 
oirdAunouucement,: tint insertion $3.50 ari- 
uilioiMl insertions 52.7 b. 

SirtM Opportunities i„« llioil , a ,| di . 
twnal insertions 51.50. 

"V di5Cull " ls nr e,l, iniiiui,ins nn 
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prior to the date or publication. 
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POSITIONS AVAILABLE 

gpSHSS 

Srh^ /!f^ arCh P, ra 8 ram w!lh ‘he Colorado 
Sdiool of Mines and ffie U-S. Geological Survey 
The appointee will perform most ofmc exncri." 
menu at ihe USGSlrotope Bi^di where K 


Hamilton i College/Fanil ty Position. Applicaiions 

ir , ,o. ar ^T- lra,:k r i “ n!Ur Wsep- 
leniter 1984 at the Assistant Professor level. This 
position will expand the deparimcnl from three to 
Four faculty members. We seek a person with a PhD 
who is strongly onemed toward undergraduate 
leaching and whose field of i raining and imeresii 
are in any or the following fields: geophvsics. low- 
temperature geochemistry, oceanography. Highly 
quafifietl camfldatM in oilier areas will also beron- 
sidcred. The successful candidate will be expected 
to contribute to Introductory courses ottered by the 

anS mS’ lCaCh ad 'l nCCt * «»dergraduaic courses, 
and maintain a research program. 

1* * prirate. coeducational liberal arts 
college with IGOu students. The department has an 
wi ' h 10 - 15 ™j°rs In eachc'Sex- 

Candidates should send letters ot application re- 
^nscHpts.and'hree letters of reco.nn.en- 
nT r^!Ii 10, D ?f ad . B ‘ P ? ll ? r - Chairman. Depanmem 
Hamilton Coliegc. Clinton. N VI 3323 

G»ph„p 1 UntwS^fiS^™ 
f or a creative manne scientist for a tenure 
IweF ESh£? at ^ A** 1 * 1 *" 1 or Associate ProfLor 
Annlit-anh 5eaw£ Her-minera! interactions. 

“ lhf J u . ld haTC “lenu Tor investigation of 
phS invoking both organic and inorganic 

rPlJ." C P artI !! enl and Institute have a wide ranee 

i ■ cro P robe , mass spectrometry and ra- 
diochemical instrumentation. * 

a aL‘?, Se,e i‘ ed wil! to develop 

P ro 8 r am and to guide and 


mendation, and a vVSSSt 


lihnniax r ' uNuf~ c ,i efU °i search interests to: 
empiowr “ ^ a PP° rtu niiy/ a [Tir ma iive action 


employer. 


C^ve pt^riment of Oceanography, 1000 Pope 
Road, University of Hawaii, Honolulu, HI. 90822 
1 J anuar y 1984 fw starting date l Au- 

, Jim £ n !y ei *i l y ? f H J ,waJi » «» Equal Opportuni- 
tyr Affirmative Action Employer. 


of fawaffaculiy Positions. The De- 
partment ot Physics and AsLrouomy anticipates two 
^ assistant professors or vb- 
rnng facuhy at any level in August 1984. In excep- 
tionaj cases a term or tenured appointment at the 

gSPJtgSiS?? ° r profcsJ - or *" cl wiil 1* ronsid- 
ered. Preference for one position will be given to an 
experimentalist in intermediate or high energy 
physics. Current research interests in tlic dcran- 
and °P ,IC ?I as ironumy and the bl- 
owing spccialues in physics: atomic, condensed mat- 

lascr - '"**"• iSSnnd 

dll,,es «Ue uiiiici graduate 
dpJ.f^nH 1 * ,eac l Mn 8* guidance of rescnrcT, «m 
d i P - rfflnal research. Inierestcd persons 
should submit a resume and a statement r,| research 
mterests and arrange for three leueri of recSnen- 
dauon lo Lie sent to Search CominiiLcc. Dciiartment 

li? T '"- 

amrLfeiiS employer. ' 

Ohio State Unlveriity/MlncraloglBt. The Depart- 
ment of Geology and Mineralogy invites annlka- 
tions for a tenure track position in mineralogy or 
mineralogy/pelrolugy (this is a iiositicm that has 
been reopened). 1 fie successful applicant will be cx- 
pected to interact with other members ul the faculty 

P""’ I W' 

mi£m££\ m u quiva " enl ? re quired. The successful 
K ** «pccie*Iio teach graduate and un- 
dergradiiaic courses, conduct research, and Hi.jer- 
sise graduate students. Rank and salary will be com- 
mensurate with experience and research record. 

I lease send applications to; 

Dr- David H. Elliot 
Chairman, Search Committee 
Deparimcnl of Geology and Mineralogy 
The Ohio Slate University 
Columbus, OH 43210 

rr£mffi? l5ona , lhou , ld lncl ude resume, statement of 
wT?hiRo e ™ rd and ? lcresu * and ll,c ramies of at 
f" 1 Sf* 11 wlio can prondc i ccommciida- 
S?";3S closing date Tor applications Is December 
* he appainimcnt will be cfrceiivc no later 
than October I. *1984. Additional Information ran 
"ruing or calling (014) 422-053? 

■" “> ual "PP”"™- 


iwsicmmswfim acoustician 


52SS » ,iW 


-^ a P° Kl n ^![!). s - ^Responsibility 
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National Center far Almaipheric Resnreh/Pb.D. 
Kesearchcr. NCAR's Amiospiicric Cheaustry and 
Aeronomy Division seeks experienced Ph.D. re- 
searcher with record of sustained productivity in 
theory and modeling or atmosplieric cheraiiny. Pri- 
mary iiiicrest is m gase<jus photudicmism and cou- 
R ,cd encniic.il/meieoroIogkdl models, btir all iitfial- 
iies will be considered along wiih scientific breadth. 
Appointment is at Scientist III or Senior Scieniisl 
level. Apply with resume to Hr. R. Cicerone. Na- 
U21S 1 f ,cn f cr f° r Aiimisjrlteric Research, P.O. Be* 
3000, nmildcr, (dorado X0307, by Dcccm^r 20. 

lUHj, 

Equal Opportunity Employer M/E 

University of Cdlilonila, San DlegplAiilsus/ Re- 
search Chemist. The institute oT Marine Re- 
sources at the Scrip,--. Insiiiminn of Ocein-nnoh' 
Univeisiiv .-«r C j|i(nnu.» ban Diego, smkipaifi an 
opening for an ASSISTANT RESEARCH CHEM- 
IST (salary range: 522,900-526.800) in the Food 
Chain Research Group. The primary rcsponjibiliiy 
or the positiun is to carry out fundamental reseaidi 
in marine organic rheniislr)' in assodfltion with oili- 
er 1MR oceanographers. 

Applicants must have (i) a Ph.D. in organic chem- 
isiiy, marine chemistry or chemical oceanography 
and at least two years or pust-docioral experience m 
marine chemistry; (il) an ability m carry out Inde- 
pendent research In the ocean as demonstrated by 
an active publication record in refereed journals; 
and (iii) experience in work at sea widi modern 
sampling and analytical methods. 

Send resume and names of three referees by 
March I, 1 08-1, to: 

Dr, I-rcd N. Spies*. Director 
Institute of Marine Resources, A -028 
Sc rip | is Institution or Oceanography 
University of California San Diego 
U Jolla, California 92093 . 

The University of California San Diego is an 
equal op|»oriuniiy/aflirmHtive action employer. 

Geophyalclat or Teclonophyalclat/Unlvaialty of 
Kansas, KU seeks applicaiions fora lenu £' l ,y 
faculty position in geophysics. Candidates shouw 
have research interests in crustal geophysics, i nr 
successful applicant will be expected to u™ _ 


have research interests' iri crustal geopnyw— ■ ;-j 
successful applicant will be expected to trace una 
graduate ana graduate geophysics courses, devemp 
an active research program, advise student!, supey 


n-aduate arid graduate geopnysiw w— -- - 

in active research program, advise students. • U PT 
'isc graduate student tlieses and disserts uoqi.w 
irovkle service through administrative andpraj^ 
ilnnol ariiuiilM S HViTI In wnloBV with gpCClSUS* 
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employment at KU will be considered- The p»« 
is at the assistant professor level with a 
mensurate with qualifications. The rtarungsu* . 
ugust 16, 1984 and the applicallpn deadline is 
mary 1, 1984. Send vita, transcripts, a 
ment of research interests and couraes the apP' 
feels qualified to teach, and three Ictiennfre 
ence to G. H. Girty, Department of WJUJJl 
versity of Kansas, Lawrence, Kansas 6604^ Th® 
veriised position is condnnnt on continu« “■ „ 
funding. For additional inTormalioo contact 
Girty or phone (913) 864-4974. „ rfll „[iv 
Ku is an affirmative-action, cqual-oppoflufl 1 ^^ 
employer. Applications are sought froniaJiq 
people regard! eu of race, rells^in, color, J K*. 
aWlfiy, veteran sUtus, national origin, age. or * 

^ ■ 

instltutedits search for a hydrogeologisi lofiJ ,. . 
permanent, tenure-track faculty possuon, J ne r. 
pointment will be at the Assistant Profc*^ 

Salary Is negotiable. A Ph.D. Is required . 
date will be August 21, 1984 . T h e surtwfhJa^ 
date will have a demonstrated jMck^rourtd m is 
. more of the following areas of hydrogewopy' 
analysis; flow In porous media, of chenujal i ‘ 
lions between groundwater and rock iw™ .■ ^ 
peeled to tt-adi one or more graduate course* ^ 
drogeology, to participate In our undergrao 1 * 
Stniclional program, and to maintain 
our existing strong research program ny« ^ 
ogy- For equal consideration, i »PR^“tiw 
the names of three referees should be a«M 
ruayy I, 1984 to: • . : 

Professor R. James Kirkpatrick 

; • 

‘“tiSW. 

r & . PH: (2 1 7) 333-3542 

'O^pje University of llUnols is an 
^•JWtj^qiiaf Opportunity Employer. - ( _Vf 
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University of Texas at Austin/Geity Chair. The 
Department of Geological Sciences seeks a person aL 
the rank of full professor to occupy lhe recently en- 
dowed Getiy Chair erTeciive September 1, 1984. 
Teaching obligations indude one undergraduate or 
graduate course each semester and the supervision 
of graduate students in the areas of the person's in- 
terest. A willingness to teach couraes ter non-majors 
on occasion is desirable. The person's field of re- 
search must be one Lhat is related in a broad sense 
to the exploration for hydrocarbons. The Getty en- 
dowment will provide the chair holder with modesL 
funds for support or travel and research activities 
Applicants should submit a detailed resume, names 
and addresses of five references, and a statement of 
teaching 3nd research interests by February 1, 1984 
to: Dr. tarle F. McBride, Chairman, Department of 
Geological Sciences, P.O. Box 7909, Austin, Texas 
78712-7909. 

The University of Texas at Austin is an Equal 
Opportunity/Affirmative Action Employer. 

The College of William and Mary/Phyaics Faculty 
Position. William and Mary expects to have a ten- 
ure-irack opening at the assislanL-profeuor level Tor 
August, I9ft4. Preference will be given to applicants 
in ine fields of theoretical plasma physics (including 
romputer simulation), nonlinear mechanics, or sta- 
□illcal mechanics. The physics department currently 
consists of 22 faculty, 7 postdoctoral research mo- 
rales, and 40 Ph.D. candidate graduate students. 
Plasma physics funding is currently from NASA 
and the Department of Energy. Please send vitae 
and list or three references to: Chairman, Search 
Committee, Physics Department, College or William 
and Mary, Williamsburg, Virginia 23 1 85. 

William and Mary is an a ffin native-action, equal- 
opportunity employer; women and minority appli- 
cants are encouraged to apply. 

The University of New Mexica/Mus Spectrometry. 

The Department or Geology, University or New 
Mexico, Albuquerque is seeking applicants for a rc- 
Kirch associate position in the staole isotope labora- 
tory. The position includes responsibility for opera- 
tion and maintenance of moss spectrometers and 
high vacuum extraction systems, sample preparation 
ana isotopic analyses. The position also provides op- 
portunities for collaborative research in isotope geo- 
chemistry leading to publication. A Ph.D. In geo- 
chemistry, inorganic chemistre, or physical chemis- 
try with research experience involving mass 
spectrometry and high vacuum technology is re- 
quired. Sena a letter of application, resume, and (he 
Dames and addresses of three individuals willing to 


, R * sear « h PMjtlon/Univeralty of CalJ- 

SJ^SSliSSSS* A.P^Kfaaoral research position 
m petrophysra is available immediately in the De- 
partment of Mechanical Engineering. The Depart- 
ment has recently installed in the Petroleum EnU 
SJjSBipJi a nudear magnetic resonant* 
tadby, harisig a large magnet np. The sucreuRi! 

£ tJSo ! w ■ ** kno 'ri'%cabTe and experienced 
m NMR techniques, and wiH be expected to employ 
IwbSlS A^.pcuophysu:* research techniques in 
an interdisciplinary apporach to a program directed 
al roc petrophysics of porous sedimentary rocks, 
and the physical properties orpermafonL Re- 
sources of other University Departments and of the 
Lawrence Berkeley Laboratory will also be available 
to the- research program. 

Send resume anti the names of three references 
to Professor W.H. Somerton, Department of Me- 

SSB^ 1 SfgSraP' Univeraily of Calif ™, 

The University Is an Equal Opportuniiy/Affinna- 
tlve Action Employer. 

Geophysicist. Tectonophyaiclst/Georgla Tech. 

The School of Geophysical Sciences at Georgia 
applications For a faculty appointment 
in earth Sciences. Applicants must have an out- 
standing research potential demonstrated by several 
years or postdoctoral experience or a well-estab- 
lished research record, and experience in securing 
research funding. Although no field of specializa- 
tion is excluded, preference will be given to candi- 
dates with a background in geophysics/ 
tectonophysics. 

The School of Geophysical Sciences has an ex- 
panding and active research program in many areas 
of Earth and Atmospheric Sciences. The School has 
“ lull-time faculty members and over 50 graduate 
students. 0 

Applications including resumes, phone numbers, 
and the names and addresses of at least three refer- 
ences should be submitted to Jean-Clafide 
Mareschal. Chairman, Geophysics Search Commit- 
tee, School of Geophysical Silences. Georgia Insti- 
tute of Technology, Atlanta, GA 30332. 

The Georgia Institute of Technology is a unit of 
the university system of the State of Georgia. 

Georgia Tech is an affirmative action/cqun] op- 
portunity employer. 

University of Waihlnjrton/Paleontology/Palcofaiolo- 
gy. Geochemistry. The Department of Geological 
Sciences invites applications in the areas of paleon- 
tology/paleobiology and geochcmistiy (especially 
economic or isotope geochemistry). We are interest- 
ed in candidates who will establish exceptional and 
innovative research programs. Postdoctoral research 
experience is highly desirable. One opening is avail- 
able beginning September 1984. This is a tenure- 
track position at llic rank of Assistant Professor or 
higher under exceptional circumstances. A second 
position may be available in September 1985. A pa- 
leomologisi/palcobicjlogist may seek a joint appoint- 
ment with the Burke Museum on campus. A suc- 
cessful candidate in either area m ill be expected to 
teach at both the undergraduate and graduate lev- 
els. 

Applicants should send vitae and names of four 
references lo John R. Adams, Chairman, Depart- 
ment of Geological Sciences. AJ-20. University of 
Washington, Seattle. Washington 98195. Closing 
date for applications is February 15. 1984. 

I he University of Washington is an Affirmative 
Aciion/Lqual Opportunity F.mploicr 

Climatologist-Postdoctoral Research Scientist/ 


que, NM 87131. Closing dale for applications is 
February I, 1984. The availability ol this position is 
mntingent on final budget approval. 

The university of New Mexico is an equal oppor- 
tunity employer. 

University of Massachusetts, Amhersl/Facufly Po- 
ll! Ion In StratigTaphy-MicropaleonioLagy. The 
Dqurunem otCeoIogy and Geography invites ap- 
piicaixxis for a tenure-track positiun at the assistant 
profeHor level in straiigraphy/micropalcoruologv 
Kunrdi and supervision of graduate students cun- 
cemralinu in ihow* fields will he expected. Addiimii- 
si lacaui n it -M-. iii |i.ii''->-iut'.iitiigr,iphv pc- 
iralnm geulug* ,m- •li--ii.il >lc I tie -.uncial ill candi- 
date wBm expected in n-.icti ,i miu- si-uicsicr course 
initnugraphy evciy year. ,i one semester course in 
muotaarKT oceanography every other year and to 
Jetebp jJdhianA courses in his/her area of exper- 
- IUf -. -^ffw ation inclu ding a resume, a siaieiiieiii ot 
mill Tl~n in ms *■■■! || iij, .mil Mu names and 
uarruts of at least three relereeTJhouId be sent - - 
juhierihan February 15, 1984 to: Dr. diaries W. 
™ra> Chairman. Search Commiiiee, Dept, of Gcol- 
w and Geography, University of Massachusetts. 
Arnhem, MA 0(003 

The University of Massac husetis is an Affirmative 
Actioji/Equal Opportunity Employer. 

Hydrologic Modeler/University of Wiaconaln-MH- 
*™}M; The Department of Geological and Geo- 
physical Sciences at the University of Wisconsin-Mil- 
nukee invkes applications for a probable tenure- 
ru* I?? 4 llon of Assistant Professor beginning in 

10 J°™ B hroad program in fiydrosphcric, 


CSIRO 

APPLIED 

MICROMETEOROLOGIST 

$A24,344 — $A30,038 

DIVISION OF ENVIRONMENTAL MECHANICS 
CANBERRA ACT 
AUSTRALIA 

fh?innhn^ d A,?i? “ l9n,l !j c and technological research in laboraloriee located 

.7 ■ 50 ° 8ta .»* whom soma 2.900 are 


Sdinces 0 ' EnV ' ronmen,al Machan,cs » ■' ofPhysical 

Di ^ 8lo . n ol Environmenui Mechanics Is directed primarily at 
gaining a better understanding ol the biological and physical processes of "the 
i°j ^ lH " ;f m ° sphe L a s y? tarT1 with particular regard to the transport of energy, 
Jn * °* h 5 r t ? ,a,er, ® te - Facilities Include laboratories for soil 

physics, solar radialiori. fluid mechanics, micrometeorology and plant phyel- 
as mobile laboratories for study ol the Held environment. The 
l SS!SSSSSm P a ,2 d WB 'Hstrumented boundary layer wind tunnel, and 
m C, ,te V Qr h f col 0Cl,ol ?j analysis of experimental data. The 
S "S,. 8 mlcrome teorology field site located 45km from Canberra. 

•? f ! . a prfl ^ 8 ? n, , ?E hjdB f 16 msaarch scientists (biologists, physicists 
and mathematicians) together with experimental and technical staff, and is 
usually augmented by aeveral visiting research workers. 

I5f. D i vi8lon ? Micrometeorology program Investigates the turbulent transfer of 
neai, momentum, and water vapour In the atmospheric surface layer, and within 
in°^o P K ® research which i involves parallel and complementary 
work n the field and in the Division s wind tunnel. Special emphasis is given to 
the effects, on these transfer processes, of complicated surface geometry 
including barriers, hilly terrain and spatial variability ol surface roughness. 
Applications are Invited for the following position: 

A2857 — Mlcrometaorologlat/Fluld Mechanician 

DUTIES: To undertake field, wind tunnel and theoretical studies on aspects of 
turbulent flow and transport relevant lo Industry, agriculture and Ihe community, 
and to assiBt In the application of Ihe results of this work to practical problems. 
Applicants should have a PhD degree or equivalent, supported by evidence of 
proven research ability In the Herd of llulo mechanics and/or heat and mass 

fabor^tory teifhnlque ia hfghlydB^rabfe.°* " U ' d "° WS "» Wi " d * Unnel or olhar 

A fixed term appointment of three years within the classification of Research 
Scientist. An applicant with an outstanding research record may be offered 
appointment at a higher level. Australian Government superannuation benefils 
are available. 

Applications, stating lull personal and proiessional details, Ihe names of at least 
Iwo scientific referees. Bnd quoting reference No A2857 should be directed to- 
The Chief 

CSIRO Division ol Environmental Mechanics 
CSIRO 

GPO Box 821 8 

CANBERRA ACT 2601 3 

AUSTRALIA 

^ By 6 January 1884. 


«wn of numerical models to ground water flow 
chemical transport systems. A strong chemical 
w«ground or modeling experience with flow in 
iractunxl media or contaminant migration would be 
Miplul. Further, ability to apply modeling tecli- 
p uej t® Problems in other aspects of the gcosci- 
MU be important. 

m i- U j Cei . CJ *ndidate will be expected to leach 
•J* *ppoed senior level course In the theory and ap- 
r^tiwt of finite element, finite dltterence methods 
“Problems of hydrology and geophysics. The can- 
W,V C ^ ex P (?ct «l «> develop additional graduate 
couraes In hydrology and lo teach general ge- 
rraJ * the undergraduaic level. AbiliLy to uacn 
pophytical fluid dynamics would be valuable. 
tiJn*^*"* Prog™™* at UWM Include lake infiltra- 
into aquifers, use of aquifers for compressed- 
Great Lakes contamination and sedi- 
processes, the use of applied geophysics in de- 
h 7draullc properties andllow, and 
iJfj’* 100 ® modeling. Facilities include a Great 
itS'gP f di Center with research vessels and 
ral "“f 1 311 ^rhan Research Center and a ru- 

“phddaailon. 

mna! te3 *hould forward resumes, complete 
PinS? P ll T , and 'hree letLers of recommendation lo 
G en £? r i D - s ; Cherkauer, Chair, Department of 
Geophysical Sciences. University of 
nn£u n ‘ MUwaukM ' Milwaukee, -w I 53201. Salary 
nwfcxti?? T ei formally approved, but will 
be m the $23,000-1^5, Ofo range. Cloalng 
ror applicauom is January 3 1, 1984. 

""1%LI Sn affirmalive ' a Ption, equal opportunity 


Socket Gophers 

microcomputer programs 
^or geophysics r 

SlPVE teaching applied geo- 
ahH i? wlth toteractlve modeling 
a ! " ® r Pretatlon of Earth structure 
re a ed 0 e °Phy8lcal anomalies. 
and 8 nh®nce some fleol- 
anJ , 089arch projects with simple 
aennK n0 . xp0ns,V9 Interpretation of . 
9 0o Phys|cal anomalies. 

1 • Write for Program : , 
“••eripfiona and Prices To: . 

i , . . ' I : 

s kW ENTERPRISES 

• RA Vv'. Box 3135; 

Colorado 80307. : . 


Tree-ring data and climatic reconstructions arc 
available or under development fur assembling into 
areal studies and analyses of climate dynamics. The 
long-term data is lo be used in studying various 
forcing phenomena and regional variations. Experi- 
ence in data analysis and knowledge of programing 
in FORTRAN and BASIC will be extremely usefuL 
Applicant should have a strong commitment to re- 
search and anticipate being involved in preparation 
of papers and proposals. 

Send letter of application, resume and names of 
at least three references by 10 January 1983 to: 

Gordon C. Jacoby 
Tree-Ring Laboratory 
Lamont-Doheny Geological Observatory 
Palisades, New York 10964 

Position is a one-year appointment with possible 
second-year renewal. 

Columbia University Is an affirmative action, 
equal opportunity employer. 

Mineralogisl/Pelrologtrt/GeoehenjUt — South Dako- 
ta School of Mines. A position as Research Scien- 
tist I (research equivalent of assistant professor) is 
currently available In lhe Institute for the Study of 
Mineral Deposits (ISMD) at the South Dakota 
School of Mines and Technology, Rapid City, South 
Dakota. A Ph.D. degree in the general areas of min- 
eraiogy-peirology-geochemlslrr is required and the 
Ph.D. degree must be In hand before assuming the 
position with ISMD. The successful applicant will 
interact with the several research programs conduct- 
ed by ISMD with special emphasis on the mineral 
deposits of the Black Hills, South Dakota. Major re- 
search responsibility will concern a long-term, in- 
depth study of sirataform gold deposits in the Black 
Hills. ISMD has a fully automated (WDS 4- EDS) 
micrtiprobe and a new state or the art automated 
atomic absorption spectrometer with inductively 
coupled plasma torch (AA/lCP) for major, minor 
and trace element analysis. Arrangements are in 

S Bce for neutron activation analysis (Battelle, Skh- 
nd, Washington) and light stable isotope analysis 
(U.S.G.S.). 

Candidates for the posltipn should send resumes 
and three letters of recommendation to: 

JJ. Papike, Director, ISMD 
South Dakota School of Mines and Technology 
500 East St. Joseph Street 
Rapid City, South Dakota 67701—3995 
For additional information, call (005) S94-8162, , 
5DSM&T is an affirmative-action/equal opportunity 
employer. 

Texas AfcM Unlvertlty/Geologlcsl Oceanography 
Position!. The Ocean Drilling Project (ODP) in- ; 
vile* application for the following anticipated posi- 
tions: Several full-time staff jaenlisu (Ph.D. re- • • 
quired). These openings, in various fields ol marine 
geosdence, are anticipated to be filled overa one 
year period commencing I October 1988. The suc r 
cessful candidates will be expected to participate ap- 
proximately two months pet-year aboard a iacnutic 
drillship. TTiise individuals will be responsible for 
coordinating activities prior ami subsequent to the , 
cruises, including the publication of results. The 


University of Wisconsln-Madlion/Tenure Track 
Position. The Department of Geology and Geo- 
physics invites applications for an amici pated ten- 
ure-track position at the assistant-professor level in 
applied gcamorpholqgy and hydrogeology com- 
mencing in August 1984. The applicant should be 
committed lo developing a strong research program 
as well as leaching undergraduate courses in some 
aspects of engineering and environmental geology. 
The Ph.D. is required. Applicants with course work 
in engineering and an interest in [he field applica- 
tion ol geologic principles are especially encouraged 
to apply. 

Send letter of application outlining your profes- 
sional goals, transcripts, resume, copies of publica- 
tions, and three letters of reference to Dr. David M. 
Mkkelson, Department of Geology and Geophysics. 
Weeks Hall, University of Wisconsin, Madison, Wl 
53706. 

The University of Wisconsin is an equal-opportu- 
nity/affirma live-action employer. 

Post-Doctoral Position/Naval Postgraduate School. 

The Ocean Turbulence Laboratory has available a 
post-doctoral position for a person interested in the 
analysis and interpretation of oceanic turbulence 
data. The tenure is for 1 or 2 years. The successful 
candidate should hare a Ph.D. in physical oceanog- 
raphy and although experience wuh turbulence 
data is preferrable it is not essential. The opportuni- 
ty for involvement in data gathering cxpediuons is 
also available. 

Resumes can be sent to Dr. R. G. Lueck, Code 
SSL^, Naval Postgraduate School, Monterey, CA 


SUNY-AIbanyfrenure-Track Position in Tectonics 
or Structural Geology. The Department uf Geo- 
logical Sciences at the State University of New York 
ai Albany invites applicaiions for a tenure track po- 
sition in TECTONICS or STRUCTURAL GEOLO- 
GY starting Fall, 1984. We welcome applicants with 
interests and experience in tectonic processes, in- 
cluding geophysical and structural approaches; 
structural geology, including physical properties or 
earth materials or siruciuralaipects of meumorphic 
processes; or similar fields which complement our 
existing strengths. Preference will be given to indi- 
viduals whose research combines quantitative and 
field studies. The position will be filled at ihe Asso- 
ciate or Assistant Professor level. Inquiries or appli- 
cations should be addresed to Dr. W.D. Means r De- 


niary 15, 1984. 

SuNY-Albany is an equal appo: 
action employer. Applications frot 
ities, handicapped and Viet Nam > 
especially welcome. 


portu nity/aflirmative 
rant women, minor- 
in era veterans are 


University of Wuhlngton/Faculty Position in Geo- 


track position. The successful candidate will be ex- 
pected to teach courses at the senior and graduate 
student level and to establish innovative, forward- 
looking research programs. Applicants with a Ph.D. 
and evidence of outstanding potential in banc re- 
search In any subfield of so Fid -earth geophysics will 


„ be considered. However, applicants with prime ln- 

The Naval Postgraduate School Is an Equal Op- lerest in studying global seismology or In Studying 
portu nity/ Affirmative Action Employer. the physical properties of (he earth's mantle and 


University of Callfomli/Faculiy Appointment*. 

The Department of Geology and Geophysics at 
the University of California. Berkeley, CA. 94720, 
pending budgetary approval, expects in nuikc iwo 
(acuity appointments effective Fall 1984, oncal die 
junior level and onr at the Jenior level. Applicants 
must be interested In pursuing a vigorous research 
program and in teaching both undergraduate anti 
graduate students. The preferred areas or special- 
ization are sedimentary ] Horology and seriimcntol- 
ogy, stratigraphy and petroleum geology, regional 
tectonics, geochemistry, economic geology, and 
metamnrpnir geology. Applications, including the 
names of references, should be sent to the Chair- 
man at die above address by January 15, 1984. 

The University or California is an Equal Oppurtu- 
niiy/Afflnuaiive Action Employer. 

University of Georg! s/12-monih tenure- track facul- 
ty appointment In ine School of Forest Resources. 

Qualifications: Ph.D in hydrology or forest hy: 
drology With at least one. degree Id forest resources. 
Background should include forest resource manage- 
ment and quantitative sciences. Responsibilities! 
Teach undergraduate and graduate level couraes in- 
. forest hydrology apd watershed management. Do- : 


physical properties of (he earth's mantle and 
core will receive preference. Curriculum vitae and 
four letters of reference should be aeni prior to SI 
January 1984 to: 

Professor Ronald T. Merrill 
Chairman, Recruitment Committee 
Geophysics Program AK-50 
University of tvashingioii 
Seattle, Waihington 
Seattle, WA 98195 

Tite University of Washington h an affirmative 
action/equal opportunity employer. 

Physical Oceonographoc/The Woods Hole Oceano- 
graphic Institution. Plans to make a tenure -track 
appointment u Assistant Scientist in the Depart- 


ment of Physical Oceanography. Applicants should 
have a degree in Physical. Oceanography or a dose) 
related field and, preferably, some post doctoral 


velop i research program in an appropriate area of 
forest hydrology. Rank: Autatonl or Associate Pro- 


experience. A candidate’s area of expertise in . 
oceanography Is not specified, but a working. knowl- 
edge oriluld dynamics U an important quauBcatiaii. 
Please send vitae to the Chairman, Pity steal Ocean- 
ography Department, Box 54 P, WOODS HOLE 
(XEAnOGRAPHIC INSTITUTION, Woods Hole,- 
MA .02543.'.' • • • . ■ 

An equal opportunity employer-. - 

Physical Ocranurnuberibreibn Stale Uni van! tv. 


successful candidates will be expected to attend the feuor, commensurate. with qualifications. Sahqy 1 pS!?? 011 

IOIDES panel meetings relating to their scientific Commensurate' with training and experience. Potl- “ JTiJtf ,0 l* dc P e . IK “ r jfi °h 

expertlse!several fuIi-W marine technidani. Prev Uon available: July, 1984. Applications: All applies , ^ W r . 

vious shipboard experience and undergraduate de- . (kw |„ ui [ be postmarked no later thart'l February . ihuaE _h>jfea.Ph.p ; jn the phyiSotl 


vidua shipboard experience and undergraduate dc- . 
gree,in wology or, related adenw highfir^ da* 
These positions require participation of about 6 
months per year (al te matin ,K * "» onH 


two months on and • . 
L^^n'tit; m a^irdV^ntific dri'Uhio dtartcr. 

Appllcanta should submit a teuer of application, 
curriculum vitae and names oC3 f e * cr ^JS?l 
Philip D- Rabinowitj, Projprt Wrfoor, OD^ D«^. 
of Oceanography. Teaks A&M University, Goli^e 

St Te°xu A&M Unl'vmltyjl ah Equal Oppo^tmjty . 
Employer. ; ', s ' : ’ t ;" ' V* * J " ’ '• 


Uon avjdiabie: July, ihm. Applications: aji applies^ ,. 
tioni must be postmarked no later than 1 ! February 
1984. Submit resume, trtnscripu, and names of at 
least three references to: , I • . 

Klaus Steinbeck. Chairman 
Hydrologist Search Committee 
. r ’ • Schootof Forest Resources 
University of Georgia 
■ ’ . * • Athens, GA 30602 
. - . ; Telephone 404-54M376 . . 

The Univenity of Georgia Is an Equal Opporptol- 
t//Affirnwtive^5tion t jpsutqtiQn. ; 


adencet, have demonstrated the ability lo condua 
iddependent high-quafily research and are expected 
to obtain research. funding. Duties include teaching 
and auperytnon of graduate siudenu- lnterened ; 
canaEdatck should submit a resume ind nanrti'of '. 
three : references by ( February ,1984 un G. Rosi 


OSUU an Amyirntive Actio n/Equal Opportunity 
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The John* Hopkins University /Quantitative Mcta- 
morphie Geologist. The Department of Earth 
and Planetary Sciences invites applications for a ten- 
ure-track faculty position in some quantitative as- 
pect uF niciamorphit geology, dice live July t, 19«4. 
The appointee will be expected to develop an innu- 


nanies and addresses of three referentis. anil a 
suiemcnt of academic and rcicarcii interests, in- 


cluding availability for a non-tenured position, by 
31 Dec 1933 to: Professor R. I. Renard. Chairman 
Department of Metenrology, Naval Postgraduate 


vaiive resen re It program, and responsibilities will in- 
clude undergraduate and graduate teaching and the 
supervision of doctoral candidates. -Slrnnir ilteurcii- 


supervision of doctoral candidates- -Strong Ilieurcii- 
cal background and research rccnul in the (hemic -il. 
isotopic, or physical aspects or mnainnrpliinn arc 
required, as is the I'll. I). decree- Fiehl cxperifiuc is 
also desirable. A| iplic.il ions Tii mi women and minor- 
ity candidates arc encouraged. 

Tu apply, send curriculum vitae, publications list, 
and the names of at least three referees tr» Dr. Da- 


School, Monterey, California 93943, (Area code 
40S-646-25I6/7). 

The Naval Postgraduate School is air equal oppor- 
tunity employer. 


Carnegie Institution of Wasbington/Postdocforal 
Fellows 1984-1985, Department of Terrestrial 
Magnetism. Endowed postdoctoral fellowships in 


of minerals, anil assistance to students. A back- 
ground in eleclioims is requited. Snbiry commensu- 
rate with experience and qualifications. 

Applicants should send a resume and three letters 
of recommendation lul.J. Papikc. Director, Insti- 
tute for the Study of Mineral De|tosils, South Dako- 
ta School of Mines and Technology, Rapid City, 
South Dakuta 57701-3!»95. Closing dale: March 31. 
198-1. For additional information, call (805) 394- 
6132. 

SDSM&T is an a Ifirma live-actio n/equai opportu- 
nity employer. 


apolts/Si. Paul area. Applicant* must have a b,t 
ground in geology, hydrology or cnmnwritSrl 
specific courscwork and/or exnerien£.^f^L g 


water hydrology. A Master’s degree may Ki. 
titled fur a portion or the expc&nre tTUiSfe 
cnce in using and evaluating ground water 'mS* 
a desired. The position wUflftludc limiiS Wd 
work and cnnirnnnr niMni.:.. n ule J 1 


EtATSSS*"- F « ’JtSLk, 


vid R. Vcblen. Dept, of Earth nnd Planetary Sci- 
ences, TJic Johns Hopkins University. Baltimore, 

Mnnioio A „„i: ‘ _ j n: ■ , ,, 


MD 21218. Application deadline is January 15, 

The Johns Hopkins University is an equal oppor- 
tunity i affirmative action employer. 


Naval Postgraduate School, Faculty PoalUoni/Me- 
ttordogy. The Department of Meteorology, Na- 
val Postgraduate School, invites applications for a 
tenure-track and a non-tenure track position at the 
Assistant or Associate Professor level. The positions 
are for persons whose teaching and research inter- 
ests arc in the fields of remote sensing and synaptic 
meteorology. The successful applicants will teach 
graduate and undergraduate courses and will be ex- 
pected to develop an active research program that 
complements his/her teaching. Rank and salary will 
be commensurate with the experience and qualifica- 
tions of the successful applicants. Send a resume. 


private institution, emphasising maximum freedom 
of research in areas ol seismology, geophysics, iso- 
tope and trace element geochemistry, cosmochemls- 
Iry, accelerator mass spectrometry, planetology, and 
star and planet formation. Renewable for second 
year. Completed applications due February l, 1984. 
For information write Fellowship Committee (1), 
Dept, of Terrestrial Magnetism. Carnegie Institu- 
tion of Washington, 5241 Broad Branch Road, 
N.W.. Washington, D.C. 20015. 

Women ana minority candidates encouraged. 
Carnegie Institution of Washington is an EOE/AAE. 


... Richard Nelson 
Mmnesou PoUmlon Control Agency 
1935 West County Road B -2 ^ 
Roseville, Minnesota 551 13 


home variation oi these nates n possible, excellent 
opportunity for individual who desires to do re- 
search while leaching a very light load in the field 
of his expertise. The U.S. Naval Academy, located 


T- » L 331 13 

tu- IrL C «P h0 " e: <6 . 12 > 296-7761 


ife leaching n very light load in the field 


Microprobe Techniriau/South Dakota School of 
Mlnea and Technology, Applications arc invited 
for a position as micronrabc technician for the In- 
stitute for the Study of Mineral Deposits. The ml- 


ittiuie tor trie study ot Mineral Deposits. I nr ml- 
croprobe is an ETEC (MAC-5) with 3 spectrometers 
with Krisei automation and a quantitative PGT en- 


with Krisei automation and a quantitative PGT en- 
ergy dispersive system. The successful applicant will 
be responsible for the day-to-day operation of the 
Instrument Including maintenance and repair of 
Itardware, development of software, routine analysis 


in Histone Annapolis on the shore of beautiful 
Chesapeake Bay. is near Washington, D.C. and Bal- 
timore. MD. Salary commensurate with applicant's 
background. Considerable latitude of action exists in 
(ravel, publishing, etc. Within limitations funding 
for travel is available. Earned Ph.D. required. Please 
send resume and list of publications together with 
the names and addresses of three references to: 

Prof. John F. Hoffman, Chairman, Faculty Search 
Committee, Oceanography Department, u.S. Naval 
Academy, Annapolis, MD 21402. Closing date: 

March 1. 1984. 6 

An Equal Opportunity Employer. 


STUDENT OPPORTUNITIES 


CRADUATE STUDENT 
■ . -NASA TRAINEESHIPS 
I he Huridn State University is ucicnilru, tanSr, 
dims from prospective graduate students r£ P 5i' 
pitliuii in 11 s NASA xiHjuuircil Trainccshin 

m Oceanographic Remote Sensing IfeSUfiT 
Uiysusut Air-Soa intcr.iui,»n. Tile IlKndBi? 
calendar yen; u SlU.iHJll. Student* n aff/2 
Tor a degree m cither .xeanogtaphv or SS3? 
gy. for further lulurmaum. nr appliutiun pj£‘ 


Minnesota Pollution Control AcsdemWHydroio- 
glst. Applications are being accepted for a hydrol- 
ogist position with the Minnesota Pollution Control 
Agency. The vacancy is in (he me(ropolitan Minne- 


Ur. Janies J. (VUrien 
NASA 1 jaiiicethip Program 
Meteor., logt Annex 
The Uni id,« .State Univcnrily 
l nllah.-iuee, Hnrklu .TJ.WG 
(904)644-4581 



Actions at Hamburg 


International Association of 
Hydrological Sciences 


Symposia 


The proceedings of (wo of the five IAHS 
symposia at Hamburg were prepublished: 
Dissolved Loath of Rivers and Surface Water 
QunnMylQuality Relationships and Hydrology of 
Humid Tropical Regions with PatlUutar Refer- 
ence to the Hydrological Effects of Agriculture and 
Forestry Practice. These tan fae put chased 
from die OlRce ol die Treasurer, 2000 Flori- 
da Avenue N.W., Washington DC 2001)9. 

The remaining proceedings will be published 
in 1984. 


Resolution 2/2 

Considering (hut the future of (his Association rests 
in the active participation or young hydrologists in 
its affairs, instructs the Bureau tn establish from 
amongst young hydrologists a Working Group in 
cooperation with UNESCO and WMO (o consider 
and report on the prospects for hydrology in the 
years wading to the 21« century, and further in- 
structs the Bureau to recognize the scientific contri- 
butions of a young hydrologist by making an annual 
moaeiary award to be known as the Tison Award 
on the basis of a paper published in die Hydrological 
Scienca Journal or In the Proceedings of a sympo- 
sium published by ihc Association, 

The following comments are from Secre- 
tary General Rodria; 

The Working Group referred u> in Resolu- 
tion 2/2, the so called Hydrology 2000 Work- 
ing Group, consists of the following mem- 
bers'. D. N. Collins (UK), S. 1. Has wain (Lib- 
ya), L. T. Gotlschalk (Sweden), Z. 


There were several female nominees for as- 
sociation and commission offices but none 
were among those presented by the Nominat- 
ing Committee. Mark Meier, outgoing IAHS 

£ resident, remarked that women had not 
een included and said he hoped that in the 
future he would be able to address the IAHS 
Bureau as "Ladies and Gentlemen," 

The following IAHS officers were clecied 
for 1983-1987 during the administrative ses- 


Resolutiom 


Kundzewicz (Poland), A. Szollosi-Nagy (Hun- 


gary). E. D. Andrews (USA), B. Webb (UK). 


Reproduced below are resolutions adopted 
by IAHS during the INili General Assembly 
of ihc International Union of Geodesy and 
Geophysics (IUGG) in Hamburg. August 15- 
27, 1983. 

The resolutions passed at each quadrennial 
general assembly of IUGG and or its member 
associations are an important barometer of 
current opinion in the geophysics community 
and can be a powerful tool in the develop- 
ment of the scientific programs to which Lhey 
are addressed. The resolutions will help ad- 
vance programs, however, only if they are 
used. Carried back home by the national 
committees which make up the IUGG, the 
resolutions can spread information worldwide 
on programs that promise to most effectively 
advance geophysical knowledge. IUGG and 
its member associations intend that member 
groups will present the resolutions before de- 
liberative bodies and otherwise use them to 
make decision makers aware of international 


and A. Afotida (Peoples Republic of Benin). 

A small subcommittee was formed to consider 
the exact terms of the Tison Award. It con- 
sists ol I. Koclng'iez-Itui bc, A. I. Johnson, 
and T. O'Donnell. 

A third resolution was concerned with 
strengthening the position or hydrologists 
and IAHS within IUGG. In (he past, few of 
the IUGG officers have been hydrologists, 
and currently none of the members or the 
IUGG council, which is composed largely of 
chairmen of IUGG national committees, is a 
hydrologist. The same applies to several of 
the other disciplines represented in IUGG. 
This resolution was discussed by the IAHS 
Assembly but was withdrawn because of cer- 
tain difficulties foreseen by delegates from 
several countries. 


lor 1983-1987 during the administrative ses- 
sions at Hamburg. They are G. Kovacs, presi- 
dent; I. Rodriguez- It it rbe, first vice presi- 
dent; V. M. Kotliakov. second vice president; 
N. B. Ayibotele, third vice president; J. C. 
Rodda, secretary general; H. C. Riggs, trea- 
surer; and T. O'Donnell, editor. 

The following commission and committee 
presidents nnd secretaries wcie elected; In- 
ternational Commission on Continental Ero- 
sion: D. E. Walling president and R. F. Had- 
ley secretary. International Commission on 
Groundwater! H.J. Colcnbrandcr president 
and S. M. Gorelick secretary. International 
Commission of Snow and Ice: L. Lliboutry 
prexiilem and Wak.'ili.iin.i wrriarv. Inter- 
national Commission on Surface Watert t-l. 
Liebscher president and A. Szollosi-Nngy sec- 
retary. International Commission on Water 
Quality: G. Matihcss president and D. Rick- 
ert secretary. International Commission on 
Water Resource Systems: M. Hamlin presi- 
dent and L. T. Goitschnlk secretary. Interna- 
tional Committee on Remote Sensing and 
Data Transmission: A. I. Johnson president 
and B. E. Goodison secretary. 



Talking at the exhibit area of the I8lli 
General Assembly of IUGG in Hamburg 

I rn A .. /v r\ 


last August were (left to right) George D. 
Garland, president of IUGG;' H.-J. Duer- 


battm . acting chairman , F RG National 
Committee for Geodesy and Geophyiia; 
and A. F. S|iilli.i«i-- ! .ciutivedirrrwr 
of AGU. — * 


New Officers 


International Association of 
Geodesy 


i. 


scientific thought. 

The 19 resolutions adopted by IUGG as a 
whole appeared in Eos, October 4, 1983, p. 
582. 


Resolution 2/1 
Aoorcdaiinir h 


highly the dose cooperation with 
UNESCO and WMO in the framework of the I 


. , - — wi UlV 1 1 it 

f?Lic ° HP| re *P eclivc| y- recommends that the 
I AHS commissions lake active part in the prepara- 
Uon and implementation of the third phase of IHP, 
continue their participation in the OHP; and ensure 
through their activities in the International pro- 
grams the promotion of both ilic advancement of 
hydrological sciences and Ihc transfer and dissem- 
ination of existing scientific results; and invites the 
Bureau of IAHS to strengthen the cooperation or 
the Association with other UN organizations dealing 
mih water problems, such as KAO, WHO, IAEA, 
UNEP and the regional UN Economic Commis- 
sions. 


H.J. Peters reports that a major change 
was made in the way the officers of the com- 
missions of the association are selected. In the 
past, nominations for all LAHS officers and 
all commission officers were submitted to the 
Nominating Committee, which prepared a 
slate of nominees presented to the plenary 
session. 

Under the new system, agreed upon at Ex- 
eter in 1982, ratified at the plenary session 
on August 15, 1989, and used, for the first 
dmc, at the Hamburg assembly, commission 
officers are elected at the individual plenary 
meetings of the commissions and these elec- 
tions are not subject to review or ratification 
by the IAHS plenary meeting. 


Overview 


The Internationa] Association of Geodesy 
program at the 18th General Assembly or 
IUGG featured six special symposia; "The 
Role of Gravimetry in Geodynamics," "Geo- 
dynamic Aspects of the Earth's Rotation," 


"Improved Gravity Field Estimates on a Glob- 
al Basis," "Geodetic Reference Systems," 
"Strategies for Solving Geodetic Problems in 

nPVAlAninfr M ■ .arm M 


Enjoying n sociul hour at Hamburg s Raj- 
hnus during the IUGG General ^ s * er ?l 
last August were Penny Kisslmgertwn 
AGU Foreign Secretary and IUGG Bu- 
reau Member Carl Kisslinger) and Mm 
Cole, President of 1AGA. __ 


n I ”, ^ , O " • WM.VUIO 111 

Developing Countries," and "The Future of 
Terrestrial and Snac? Mnhnris fr,- d™;.: — 


This change is expected to produce im- 
proved continuity of officers and greater au- 
tonomy for the commissions. The IAHS 
Nominating Committee reviewed the commis- 
sions' slates of nominees prior to announce- 
ments to assure geographical balance in the 
IAHS as a whole. 


Terrestriafand Space Methods for Position- 
ing." The papers are expected to be pub- 
hslied as symposia proceedings by the De- 
partment of Geodetic Science and Surveying, 
Ohio State University, early in 1984. 

An active and exciting subject area is the 
study of earth rotation. Advanced observa- 


observed by the more advanced techniques, 
l.e., VLBI and SLR. J|ir n 

It has been a truism that at P revl0US .*^ 
General Assemblies the European ge 
concentrated on theory, while American 
phasized new technology. In general, 
separation now seems to be much less P 
nounced. There is a much closer comm . i 


nouncea. i nere is a nwui — . 1 _ 

of interests among these groups comps 
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temporal and spatial resolutions three to ten 
times better than the classical optical observa- 
Dons used by the International Polar Motion 
Service and the Bureau International de 
1 Heure. The National Geodetic Survey/ 
NASA POLARIS results are widely recog- 
nized as the best available and are used as the 
standard" to which other results are to be 
compared. Studies or the atmosphere's (wind 
and pressure) role In polar motion and varia- 
tions in the spin rale are the center of auen- 
non. Presentations on this subject were quite 
convincing relative to the dominance of the 
mechimism. A special study group was estab- 
lished under the presidency of Jean Dickey, 
Jet Propulsion Laboratory, to focus on this is- 
sue, and two of the IUGG resblutlons (£«, 
i.*’ * 983 ' P; 58 ^ P erl »ta to this issue. 


tioning Systems, etc. is now very atrong, 
they are eager to apply these new me oc j 
developed in the U.S., as efficiently ** P 0 ** 
ble. '■ ' n 

In the same vein, whereas at previoij FT 
eral assemblies the role of countries oin 
than those in North America or Europe 
neslitrible. other parts of the world,. P®- 


negligible, other parts of the woriu. ^i**- 
japan and China, are proving 

nrnmlnanl narfirirvillTX in the ICOflC'' 


sental^h^n^J IT highlight was the pre-- uic amou|ii U| uua,,,w '““ ,f T”~ _ i^l 10 ur -■ 
seqtadq n by Bond Richter, Institut fdr ■ : . great that a participant; despite i a W; 
A^gewandw GeodMie, on “T^e Spectrum." .. § ay , could absorb only asmali fracuono^ 
^PP ea , r5 11181 the ayogenic gravity meter . . ayailable program. There were numcjP 1 ^ 

S^ re 0 T ,ni * clcar s, 8 nature of po- presslons of frustration diat attendees ^ 
t J3S?u Rl ^ hler ofU >' spared the record more sessions than, .they could aUcndJSom 
« Jlimt H ?° m °u ° n 8enes * b ^- a m > V i. first-time ■attendees discovered that geod«y 
preluqinary look at the structure in tlie resid- i a branch of sconce which Is much more. P<> 
^ gr ^, vlt y metcr outside ihe U,S. than within. - , , 

polar motion foatUrt^?^ ;> (fphree U.S. representatives were elecwp 


prominent participants in the geodetic 
munity. The so-called developing coil 
are also asserting quite loudly th«r l£"Ly>, 
requirements (e.g., African Doppler Suri^ 
All this means that International coope 
Is more important than' ever m sharing . 
sources and information,' both at ird 
and organizational levels. .. • hat 

A major problem at the.mecting _ ,, 

the amount of business.u^nsacied w«; ; 

gMM if U* 
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• available program. There were 
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fint-time -attendees discovered that ge°° 
a branch of science which Is much mom. vy 

ular outside ihe U,S, than within- ■. „ 
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Important offices of the I AG; Ivan I. Mueller 
(Department of Geodetic Science and Survey- 
ing Ohio State University) as first vice presi- 
dent; John D. Bossier (NOAA/NOS) as presi- 
dent of the section of positioning; and Rich- 
ard Anderle (Naval Surface Weapons 
Laboratory) as president of the section on ad- 
vanced space technology (see list below for 
these and other new I AG officers). The first 
vice president is a member of the I AG Bu- 
reau, while the section presidents are mem- 
bers of the Executive Committee. The fact 
that three Americans were elected to the Ex- 
ecutive Committee is most unusual and re- 
flects the dominant role that Americans play 
in international geodesy at this time. 

The IAG delegates approved 17 I AG and 6 
IUGG resolutions, including statements of 
ihe currently most accurate geodetic con- 
stants, recommendations for location of collo- 
cated observations stations for different sur- 
vey methods, a plea for the release of restrict- 
ed gravity data, etc. (see list of IAG 
resolutions below). 

John Wahr (age 26) of the University of 
Colorado won the esteemed fiomford Award, 
a prize for scientists under 40. 

Ivan I. Mueller 
Ohio State University 


Resolutions 

Reproduced below are resolutions adopted 
by IAG during the 18th General Assembly of 
the International Union of Geodesy and Geo- 
physics (IUGG) in Hamburg, August 15-27, 
1983. 

The resolutions passed at each quadrennial 
general assembly or IUGG and of its member 
associations are an important barometer of 
current opinion in the geophysics community 
and can be a powerful tool in the develop- 
ment of the scientific programs to which they 
are addressed. The resolutions will help ad- 
vance programs, however, only if they are 
used. Carried back home by the national 
committees which make up the IUGG, the 
resolutions can spread information worldwide 
on programs that promise to most effectively 
advance geophysical knowledge. IUGG and 
in member associations intend dial im-inhci 
groups will present the rr*»>lnri>ms before »lv- 
Ubeniivi: Unlii's .iml mla-twisc use them m 
make decision in.il>-it .nv.ue inteiii.ilioii.il 
sdentik thought. 

TVftW resolutions adopted by IUGG as a 
whole appeared in Eos. October 4, 1983, p. 

582. 


The International Association of Geodesy. 

1. Recognizing its responsibility fur providing 
representative rail males for fundamental geodetic 

S era to the scientific ttuiimnnitv. and having 
lo update current numerical values at each 
General Assembly, recommends that the following 
munerkal values he considered currently repre- 
«W«ive estimates: 

• velocity of light in vacuo: 

f - (299.792.458 ± 1.2) ni s" 1 

•Newtonian gmvitationni constant: 

G - 1067 '3 ± h x IQ - 14 m* s'* kg"’ 


• angular velocity of the earth (rounded value): 

U - 7.292,115 r. lo^'radi -1 

• geocentric gravitational constant including Ihe 

atmosphere: 

GM - (39,860.044 * 1) X I0 7 m> s' 1 

• geocentric gravitational constant of the atmo- 

sphere only: 

GM a - (35 ± 0.3) x 10’ m s s~* 

• second degree harmonic coefficient (free from 

permanent tidal deformation): 

Ji “ (1.082.629 i 1 ) x 10~» 

• equatorial radius of the earth: 

a “ (6,378,136 t 1) ni 

• equatorial gravity: 

7. -(978.032 ± 1) x I0“ 5 m s -1 

• Rattening (J): 

Iff- (298,257 ± 1) x 10“ J 

• gcoidal potential: 

IV 0 = (6,263,686 ± 2) x 10 m J s - * 

• triaxilUy parameters (rounded values) — 
equatorial flattening ( f): 

l//, - 90,000 

longitude of major axis of equatorial ellipse: 

X, = 15*W 


The value of e and its standard error arc taken 
from the CODATA System of Physical Constants of 
1973. The other standard errors are intended to 
represent realistic estimates or accuracy, and the val- 
ue of <d is accurate to the given digits. 

It Is remarked that more details on basic geodetic 
parameters are found in the Report or SSC 5.39 
presented at this General Assembly. 

It is particularly emphasized that these values are 
current estimates, whereas for reference purposes 
the Geodetic Reference System 1980. as adopted by 
the IUGG at die I7ih General Assembly should be 
used. 

2. Recognizing the importance in mountain ar- 
ena of precise geoid determination hy a combina- 
tion of asipigrodciif, gr.ivmictrk and other <U'a. 
and noting the pmgicss achieved ui iIils respect in 
various regions .uul ilu? development of new obser- 
vational .mil (Iicokih inei h< ids. to.iimmcnds the ac- 
tive inwuuuiiioti tins work and iis support bv n.i- 
ihiiihI ant I h nines. 

3. Noting the existence ol global and regional su- 
eiinfii ping tains using space techniques for posi- 
tioning, such ns MV.RlT 'GiVrV.b and the crustal 
dynamics projeu initiated by NASA, and mugnu- 
ing the significance of such programs for long-term 
‘-in itwiv. ami riyivunk invrstigavions of the catih 
and its environment, and considering that: (1) the 
succevs of such programs critically depends on (he 
establish mem and mainicnaiu.e of networks of ter- 
restrial observing stations, and (2l such nations may 
lx? inicrniiitciitiv occupied bv a variety of instrn- 
nieiiunion < <vcr j toijl nine span ol possibly several 
decades or longer, strongly urges the countries in- 
volved in such establishment and maintenance to 
devote utmost care to station selection, monumenta- 
tion and survey strategy, so as to enable unambigu- 
ous reoccupaiion to an accuracy compatible with the 
scientific objectives of the programs. 

4. Noting that: (I) a better knowledge of the 
gravity field is essential Tor the application of the 
next generation of altimetric satellites to the study 
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of ocean dynamics, and (2) many areas of the world 
have no gravity survey, including areas of great im- 
portance to the understanding of the earth's struc- 
ture and evolution, and (3) many other areas do not 
have adequate gravity cover; considering dial such 
improved gravity held information can most practi- 
cally be obtained from advanced satellite missions 
using BBlelHie-ia-aalellltA tracking or gravity gra- 
diometryi recommends that all countries involved 
with space programs give high priority to such satel- 
lite missions. 

5. Recognising the important role ihat global sat- 
ellite laser and radio tracking systems will have in 
the computation of precise orbits for future geodet- 
ic and oceanographic satellites, and noting Lhat 
topics of central concern to orbit analysis are she de- 
termination of (I) the appropriate terrestrial refer- 
ence frames for describing the tracking stations lo- 
cations. (2) the precise locations oi the individual 
tracking stations in these reference frames, and (3) 
any scale and/or relative origin bias in the indepen- 
dent reference frames of the laser and radio track- 
ing data, and considering the need for data from 
such systems grouped at common sites to resolve 
any scale and/or origin bias, recommends that par- 
ticular efforts to be made to group radio and laaer 
tracking systems at common sites during future in- 
ternational tracking campaigns with emphasis on 
achieving global coverage Tor the collocated systems. 

6. Recognizing the general need for establishing 
orbits for altimeter satellites in support of investiga- 
tions in geodesy and oceanography, and noting (I) 
the particular contributions that such altimeter satel- 
lites as ERS-1, Poseidon and TOPEX may make to 
efTons to understand the general ocean circulation, 
and (2) that all these sntelfiiL-i are planned tn be in 
orbit during the same period (1987-11)91), recom- 
mends that cooperative global tracking campaigns 
be organized tn provide the data sets fur precise ur- 
bil compulations foi the satellites. 

7. Recognizing the increasing importance or pro 
die, t{iace-relatcd positioning systems such as those 
of luer ranging and very long baseline Interferom- 
etry (VLBI) for investigations of the kinematics and 
dynamics of the canli and Us environment, recom- 
mends that national authorities extend their support 
for the development and operation of these systems. 

8. Recognizing >h:ii lire study of many geophysi- 
cal phenomena in the UOO-UUOtl-km range of wave- 
length is severely handicapped hy large gaps In the 
available surface gravity coverage, especially over 
land, urges all countries to release tiieir land gravity 
measurements to ihc scientific cuiiiiiHiniiy via the 
inu-r national suavity Bureau; if national interests 
prevent the release n| derailed ihua, nntioii.il agen- 
cies are requcsied in release 1* /' 1° mc.iti values ol 
Crcc-air ginviiv anomalies *n«l cIcv.muui*. which are 
ul fumlanreiii.il importance for global sdcniihc pur- 
suits. 

■i. Recognizing ihe high level of accuracy of bath 
absolute and relative gravity measurements recently 
an ained. ■ onsidering the necessity to adopt stan- 
dard corrections to gravity observations m order to 
allow 1 n tercamparisons between measurements at 
difTcrem epochs of time; recommends ( I) that the 
tidal correction applied to the gravity observations 
follow the final recommendations of ihc Standard 
Earth Tide Committee as presented at the ISlh 
IUGG General Assembly; t2) that ihc atmospheric 
pressure corrections refer to a common Standard 
Atmosphere, the sensitivity coefficient being 
-0-3\0 - *m s _, /mbar (-0.3 pGal/mbar). unless it is 
determined by special investigations, in which case 
the value used must be published together with the 
results. The closed formula for the compulation of 
this Standard Atmosphere will be published in a fu- 
ture issue or the Bulletin d'Infonnaiion du Bureau 
Gravimtfiriquc International with the corresponding 
numerical tables and the programing code; and (3) 
that the gravity gradient correction* be published 
with the adopted local gradient and/or the adopted 
height difference so that the original values may be 
recovered. 

10. Recognizing that techniques of reanealed rel- 
ative gravity measurement have achieved Increased 
accuracy ana have been applied ( 1) as a fast and ef- 
firiem. tool to detect and investigate gravity changes 
associated with recent crustal movements, (2) in 
combination with other techniques such as leveling 
and VLBI w give a deeper insight into the underly- 
ing dynamic processes, and (3) as an element in 
earthquake prediction research, and noting Ihe suc- 
cess of recent campaigns in various parts ot the 
world, recommends that high priority be given to 
this research. 

1 1. Recognizing that the physical interpretation 
of time variations of the natural coordinates, height 
above sea level, and astronomic latitude and longi- 
tude requires knowledge or the time variation of 
the earth's gravity field, and considering that this 
latter ran be determined by a world-wide net of 
gravity stations with repeated precise observations 
of absolute gravity and height above the current- 
mean sea level, recommends that efTorts be made to 
observe and reobiem a large number of such sta- 
tions favorably distributed around die globe. 

; 12. Recognizing the importance of the optimal 
design of geodetic network! In one, taro, or three 
dimensions, recommends tltat research in the Pol- 
lowing fields be encouraged: development of criteri- 
on matrices; investigation or mathematical coil func- 
tions reflecting real costs or observing geodetic nel : 
works; and realization of operational software. . 

IS. Recognizing the fundamental role of the geo- 
detic boundary value problems Id establishing gray- 
•' ity field approximations on a sound theoretical bills 
as well as in producing qujekond stable first order 
. solutions, and noting die progress tirade In (his : 
field, recommends (I) vh*l analysis of fundamental 

• problems such al the Molodeniky problem be pur- 

• sued m u reasonable cbndusipn, induffing. nonlinear 
- cases; (2) that newly defined'mbted boundary value 

problem*, especially those of nltlmtilry-gravimetiy. 
be investigated w}th numerical examples to qtabUsli 
1 the applicability oT solutions; and (3) thpt gwdynti- . . 
, i mlc boundary value 'studies, begun over (he last Tew 
. yean, now model the piechanks of planet earth in n 
: j imlfled field, themy.' ' . , . ' 

I : ' • ; 

: | U. Recognizing recant studies of the hod art* 

'1 v ematical properties of (he garth's gravity B«ld ii* 

J ibg differential methods In such a way »%t g<»dfl»- 
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atnical implications :irc included, and cc> mulct mg 
similar studies in the mher associations of IUGG. 
recommends that these studies lie intensified and 
appropriate interdisciplinary cum acts established. 

15. Recognizing the it»|Htri.iiKe and feasibility of 
several kinds nf investigations which could lead to 
majoi progress in the intculnupltit.uy held ol tidal 
friction arid earth's rotation, <11 that theoretical 
models nl piileutidcs lie tanipiucd in as narrow lime 
steps as (iciwblc ( ID mtllion years or smaller tui tlie 
Phanrrozuiel. using recent results fur tomiiicntnl 
drill in Ihc I'luieru/uk fot approximate mixli.lv 
and cs(iluring. for earlier times, tlie Iriial variability 
of the tidal torque, with difieiciit srltematiL grume- 
tries of the oceans: CJ) that despite ihc •imniiuiting 
mlc of oceanic tides within the last aeons, the rheol- 
ogy of the sul id earth hr carefully se.nchcd for ar- 
eas in which an “old" earth could diffci remarkably 
from the present earth; and |3) that further geodet- 
ic, astronomical, and geological invesiig.it it ms be en- 
couraged in order tu enlarge the chua fuse fur the 
study of die earth's t citation 

16. Recognizing die need Tor the uniform treat- 
ment of tidal corrections to various geodetic quanti- 
ties such as gravity ami nation positions, ami con- 
sidering the rc|>oris of she Standard Earth Tide 
Committee and 5SG 2.55 Predictive Methods for 
Space Techniques, presented at the I Hi h General 
Assembly, recommends that (!) the rigid -earth mod- 
el be the Canwrighi-Tayler-Edden model with addi- 
tional constants specified by the International Cen- 
ter for Earth Tides, (2) the elastic earth model be 
lhat described by Wahr using the 1066 A model 
earth of Gilbert and Dziewoniki. (3) the indirect ef- 
fect due to the permanent yielding of the earth be 
not removed, and (4) ocean loading effects be calcu- 
lated mine the tidal charts and data produced by 
Sch wider ski as working standards. 

17. Recognizing the excellent organization of the 
Himburf General Assembly, and the efficient ad- 
ministrative arrangements which made an invalu- 
able contribution to iu scientific success, expresses 
its grateful thanks to its German hosts for their suc- 
cessful efToiu in making iu meeting so pleasant and 
scientifically profitable. 
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bet (France). 2—82, Compression and smoothing of 
data obtained from space techniques: President, D. 
Lelgemann (FRG). 2-83, Dam analysis methods for 
sat«Uie-to-uacUile tracking and satellite gmdknne- 
try: President, R. Rummcl (Netherlands). 2-84, At- 
mospheric effects on geodeu'e spare measurements: 
Praitlnl, F, Brunner (Switzerland). 

Section 3: Determination of the Gravity 
Field 

President: W. Torge (FRG); Secretaries: C. Tscliem- 
ing (Denmark), I. NaVaga wa (Japan) 

Commission 3: International Gravimetric 
Commission 

President: ]. Tanner (Canada) 

Special Study Groups 

3- 85. Comparison of high-prcdslon relative gra- 
vimetry techniquei: President, F., Giotcn (FRG). 3- 
88, Evaluation of absolute gravity measurements: 
President, V. Boulanger (USSR). 3-87, Development 
of ,i new world absolute gravity network: President, 
G. BoCtlcckcr (FRG). 3-88, Determination of the 
geo id In Europe: President, G. Diranli (Italy). 3-69, 
Observation and adjustment procedures in dynamic 
gravimetry: President , J. Makris (USA). 3-90, Evalu- 
ation of local gravity field determinations: President, 

C. Tscherning (Denmark). 

Section 4: General Theory and 
Methodology 

President: E. Grafiircnd (FRG): Secretaries: K. P. 
Schwarz (Canada). F. Sanso (Italy) 

Special Study Groups 

4- 56, Differential geometry of the gravity held: 
President, E. Li vie rates (Greece). 4-57, Boundary- 
value and convergence problems in physical geode- 
sy: Preitdent, P. Holota (Czechoslovakia). 4-80. Sta- 
tistical methods for estimation and telling of geo- 
detic data: President, D. Frilach (FRG). 4-88, 
Geodetic data base management: President. A. Frank 


gravity field approximation: President, L Sjflbcrg 
(Sweden). 4-94, Theory of geodetic reference 
frames: President. J. Wahr (USA). 4-9B, Multi-body 
force function — geodetic aspects of 3J t rod yn amici: 
President. M. Sidtiehovsky (Czechoslovakia). 4-98, 
Models for time-dependent geodetic positioning: 
President, P. VaniCeL (Canada). 


Section 5: Geodynamics 
President: H. Ksuulcben (GltR); Secretaries: H- 
Kahle (Switzerland), D- MacCarthy (USA) 

Commission 5: Earth Tides 
President: J. Kuo (USA); Secretary: P. Melchior 
(Belgium) 

Commission 7t Recent Crustal Movements 
President: I 1 . VyskotiJ (Czechoslovakia) 
International Center of Earth Tides 
(affiliated to FAGS) 

Director: ?. Melchior (Belgium) 

International polar Motion Service 
(affiliated to FAGS) 

Director: K. Yokoyama (Japan) 

International Service of Mean Sea Level 
(affiliated to FAGS) 

Drr«tor: D. T. Pugh (UK) 

Bureau International de l’Heure (affiliated 
to FAGS) 

Director: B. Guinot (France) 

International Center of Recent Crustal 
Movements 

Diredor: P. VyskoCil (Czechoslovakia) 

Special Study Groups 
5-97, Gravity anomalies and geodynamki of 
mountain belts: President, H. Kahle (Switzerland). 5- 
98, Atmospheric mediation of earth’s rotation: 
Pruidtni, J. O. Dickey (USA). 5-89, Tidal function 
and earth rotation: President: M. Buria 
(Czechoslovakia). 5-100, Parameters of common 
relevance or astronomy, geodesy, and gcodynamks: 
President, B. H. Ghovitz (USA). 

Out of Section 

Commission fit International Geodetic 
Bibliography 

President: L- Stonge (GDR); Secretary: C. Boucher 
(France) 

Commission 9t Education in Geodesy - 
President: £. Krakiwsky (Canada) 

Commission lit Geodesy in Africa 

President: A. Cisse (Cine d'Ivoire); Secretary: 0. Fa- 
dahunii (Nigeria) 

Special Study Group 0-67 1 History of 
Geodesy 

President: C- Whitten (USA) 

Other Official Positions 

Immediate Past-President: H. Moritz (Austria); Sec- 
ond Vice-President: M. Buria (Czechoslovakia); Third 
Vice-President: G. Lachapellc (Canada); Editor in Chief 
of the Bulletin Gdodlsiqui: 1. 1. Mueller (USA), .luirt- 
ant Secretaries: C. Boucher (France), K. Daugherty 
(USA), j. Krynski (Poland); Honorary Presidents . C. 
Whitten (USA). G. Bomford (UK), A- Marussi (Ita- 
ly). Y. Boulanger (USSR). T. j. Kukbtmaki (Fin- 
land), and H. Moritz (Austria); Honorary Secretary 
General: J. J. Levalloii (France) 

The Executive Committee consists of the Bureau, 
the Immediate Past-President, the Vice Prealdcms, 
and the Presidents of Sections. 

The secretaries of Sections, the editor-in-chief of 


the Bulletin Giodhiqm. the assistant secretaries, the 
honorary president, and secretary general may at- 
tend the meetings ol die Executive Committee, with 
voice but without vote. 


AGU Legislative 
Guide Available 

A guide to help AGU members communi- 
cate with legislators and government agency 
officials is available free of charge from AGU 
headquarters. The guide is baaed on the 
premise that input from the scientific com- 
munity assists government to make decisions 
based on the latest factual information avail- 
able. 

AGU's Guide to Legislative Information and 
Contacts was developed by AGU's Committee 
on Public AlTairs and is based largely on a 

E ublication of the American Institute of Bio- 
igical Sciences. The guide briefly outlines 
the key steps in the legislative process and 
liats sources of information on legislation. 

The booklet also provides guidelines for cor- 
responding with legislators and for providing 
scientific testimony to Congress. It also delin- 
eates some of the constraints under which 
AGU must operate when undertaking legisla- 
tive activities. 

The booklet spells out how to get copies of 
bills, hearings proceedings, committee re- 
ports, laws, government regulations, and le- 
gal notices. Copies of bills, for example, may 
be requested from the legislator who intro- 
duced die bill or from the House or Senate 
Documents Room. The Congressional Record 
also carries the text of bills introduced- Staff 
members of congressional committees, 
though quite busy, often are good sources of 
information. Names and addresses of legisla- 
tors, congressional committees, and executive 
officials can best be gleaned from the Congres- 
sional Directory and The United States Govern- 
ment Manual, the guide says. Both arc avail- 
able from Government Printing Office (CPO) 
bookstores, which are located in 1 1 cities na- 
tionwide. To obtain a list of the locations, 
write to the Superintendent of Documents, 
Washington, DC 20402. 

In addition to obtaining information about 
current legislation, AGU members may wish 
to express their opinions as individuals on 
pending legislation affecting geophysics. Let- 
ters from scientists who know the implications 
of issues and are familiar with the local situa- 
tion can be especially valuable to legislators in 
considering how to vote on important issues. 
To be most effeilive, the new AGU guide 
recommends, letters to congressmen should* 
be courteous, brief, to the point, and should 
address one issue per letter. Familiarity with 
the specifics of proposed legislation before 
reacting to it is essential. 


Lecturers for AGU 
Science and Policy 
Seminars Sought 

AGU is establishing a series 
of Science and Policy Seminars. 
AGU members who have worked 
with public policy issues in- 
volving geophysics are invited 
to share with university students 
and faculty their experiences, 
insights, and expertise. For 
guidelines on this new and ex- 
citing program and application 
information, write or call; 

AGU Member Programs 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 
(202) 462-6903 


One section of the guide offers suggestions 
on how to present scientific testimony at a 
congressional hearing. Among the basics; 
Orient testimony to the issue being discussed; 
be brief and direct; avoid jargon and mathe- 
matics; and keep the presentation simple. 
Conclusions based on scientific investigation! 
receive more attention than the route ny 
which the conclusions are reached. It is im- 
portant, the guide explains, to distinguish be- 
tween facts and value judgments. Specific 
guidelines are given for testimony that is be- 
ing presented with the endorsement of AGU 
and testimony that is not endorsed by the 
Union as a whole. 

Options for a scientific society such as AGU 
to provide information to Congress also are 
delineated by the guide. AGU can choose to 
endorse testimony; can arrange for written or 
verbal testimony by an expert; can join with 
other interested groups to develop and pre- 
sent testimony on mutual concerns; or can 
opt not to present testimony. The guide item- 
ises limitations of involvement by AGU based 
on AGU's tax-exempt status. 

Based on the publication A Guide for Prot4d- 
ing Scientific Testimony by Arthur Jack Grimes 
of die American Institute of Biological Sci- 
ences, the guide also reviews the AGU Coun- 
cil’s position concerning AGU’s rote to *<*«>• 
cacvon public i«»r. </ «•. August V. ’£'•*■ r 
488). . . 

For more information about the guide, 
contact AGU Member Programs at AGl 
headqttnrlcrs (telephone: 202-462-6903)— 
BTR 



Meeting Report 

Ground-Based Optical 
Aeronomy 

The direction of scientific research in 
ground-based optical aeronomy in the 1980’s 
was the subject of an August M, 1983. 
workshop under the sponsorship of the Na- 
tional Science Foundation. Held at Utah State 
University with 60 scientists, the workshop re- 
viewed the scientific problems and discussed 
the ground-based optical facilities required to 
attain the scientific objectives over the next 
solar eyrie. The need for a coordinated re- 
search program Tor future progress was iden- 
tified. 

The first 2 days of the workshop provided 
a review of ongoing individual research pro- 
jects ami Rave the attendees n good idea of 
the overall scope of the North American opti- 
cal aeronomy research program. These re- 
views demonstrated that the research efforts 
could be separated into three main scientific 
topics: airgfow and auroral physics, atmo- 
spheric dynamics, and space plasma physics. 
Each of these research areas uses, as a pri- 
mary research tool, a different observational 
technique, such as spectrometers, Interferom- 
eters, and monochromatic images. On the 
third day, the workshop attendees divided 
Into five sections to prepare n h year plan. 
The following spokespersons were selected: 

C, Deehr, University of Alaska, Fairbanks, 
high latitude studies 

_D. Torr, Utah State University, Logan, 
i mid-low latitude studies' 

C. Hernandex, NCAA, Boulder, dynamics 

R, Esther, Boston College, Chestnut. HiU, 
space plasma physics 

. fL Roble, NC^R, Boulder, central data sys- 
, terns 

: The final report will be edited byG. Ro- ! 
mjck, University of Alagfca, Fairbanks,* and L. 

. Broadfopt , University of Arizona, Tucson;. 

\ Additional inppt from; itifc scientific cqrnnm- 

• Pity fbtvjticluafon in’ the. report should .be di- ■ 

• W the appropriate person lined above. 


In the past most aeronomy research has 
been pursued by individual research efforts 
at various locations. It was generally agreed 
that the approach for the 1980’s should be to 
augment that effort by the coordination of 
the ground-based optical measurements in 
time and space and, where appropriate, from 
multiple locations. Coordination with other 
disciplines, including radar backscatter, rock- 
et probes, and satellite overflights, will be Im- 


muiupie locations. Coordination with outer 
disciplines, including radar backscatter, rock- 
et probes, and satellite overflights, will be Im- 
portant in establishing a consistent picture be- 
tween global and local atmospheric processes 
and reactions. 

The coordinated program, organized to 
complement, enhance, and relate indepen- 
dent research projects, will include: 

(1) collection of parameters and models of 
present understanding of airglow and auroral 
physics to provide a consistent scientific data 
case on which to build; and 

(2) preparation of observational facilities 
which will make optimum use of modern 
technological developments in detectors, com- 
puters, and data management/disiribuuon 
systems. 

This meting refort was prepared by A. Lyle 
BroadRiai, who u with the Lunar and Planetary 
Laboratory, University af Arizona, Tucson, AZ 
85 713. 


Announceme nts 

Water Management 

The International Association for Hydrau- 
lic Research and the United Nations Educa- 
tional, Scientific, and Cultural Organization 
will hold a Seminar on Water Management 

PmrtlAa In 7nJn ■ 1 an s . 


Practice |n Zaria, Nigeria, July 30-August 2, 
1984. Papers should be submitted for the . 
seminar by January 1984, 

• • Meeting topics will include water resources ■ 

management, socio-economit problems (par- 
ticularly in developing countries) In water 
management, rural watey supply develop- 
ment, and models for water (femand analysis, 
for water allocation, and for water quality 

management. .* V'r ; »,v ; V -y? j. 


Inquiries should be addressed to Gunnar 
Lindh, Department of Water Resources Engi- 
neering, Lund Institute of Technology, Faclt 
725, S-220 07 Lund, Sweden. 

Aerospace Sciences 

The American Institute of Aeronautics and 
Astronautics (A1AA) will hold its 22nd Aero- 
space Sciences Meeting in Reno, Nev., Janu- 
ary 9-12, 1984. Speakers for the meeting's 
space sciences and astronomy program will 
present first results from Spacelab 1 ; they will 
also discuss planetary exploration through 
the year 2000, low-cost missions and new 
techniques, scientific research on earth sens- 
ing missions, and solar-terrestrial physics re- 
search missions. There will be a poster ses- 
sion on space transportation research oppor- 
tunities and future missions and on the 
A1AA Shuttle Environment and Operations 
Conference, as well as a special presentation 
on results from the Infrared Astronomical 
Satellite (IRAS). 

More information on the conference or 
planned speakers is available from Paul Mi- 
rera, The Aerospace Corporation, MS: M2/ 
260, P.O. Box 92957, Us Angeles, CA 90009 
(telephone 213-648-6514) or Jag Singh (tele- 
phone 804-865-3907). 

Magnetosphere- 
Ionosphere Connection 

In connection with the 25th plenary meet- 
ing of the 1CSU Committee on Space Re- 
search (COSPAR) there will be a. symposium 
on the physics of the magnetosphere-iono- 
sphere connection in Graz, Austria, July 2-5, 
1984. Abstracts are dqe by January 15... " 

. Tentative, topics for discussion include 4 re- 
view of models and theories of coupling pro- 
cesses, high-latitude dynamics of ions and 
neutrals, particle interchange between iono- 
sphere and magnetosphere, momentum 
transfer, dlashnA convection, current systems, • 
eouatoriil and low-latitude phenomena; elec- : 
trie fields and particle acceleration, au 


asind^iort .^\rn^gneu»phcric itedvit 


metries and asymmetries between non 
and southern hemispheres. mtcrop u i»a . 
and solar modulations. There also w 
session comparing cardi with other pa ■ 
For move information, or to 8U ^' 1 naSA 
struct, contact E. R. Schmerlmg, EE-8 
Headquarters. Washington, DC 

Geophysical Year 

The Following abbreviation* are u«d I" ^ 
physical Year calendar. 

AAAS American Association for ilte Advancement 

AArc d American Association or Petroleum GeoJo- 

A^S American Chemical Society . riet jo«iiB 
AIPG American Institute of Prorcutonal Geowg 
AMS American Meteorological Society 
ASCE American Society of Civil Engln«r* 

AWRA American Water Resources AswcJa 
GSA Geological Society of Amenra 
IAG International Association of Geoo»y ., 
IAGA International Association of Ceomsgi* 

1AHR fotermitional Association for Hydraulic Re* 

lA^Intcmational Association or Hydrologic 5d- 

IAMAP International Association of Meteorology 

iSTSeU for the Pbytid 

of M*M> * 

Physics of the ^rth’s Interior y^nblogy 
IAVCEI International Aasocation of vow . 

and Chemistry of the i/ n ioni ’ 

ICSU International Council of SdeniWC u 

Future AGU Meeting*' 
fall Meetings 

Dec. 3-7, 1984. San ' 

(Abstracts due md-Sepuaiber WV ■ 

Dec. 9-13, 19 %SanFrand*rf > ; . 

(Abstracts Jus muks*pte*b*r 
, ,\ Ocmi Science* ( '■ 

j; FeK 20^24, 1984, New: Orleans . • 

• Spring Mntingi 


December 6, 1983 EOS 


1UCC International Union of Geodesy and Geo- 

!lf&Tlntemaiianal Union of Geological Sciences 
WRA International Water Resources Association 
USA Minertkwral Society of America 
S£G Society oftxploraUqn Geophysicists 
SEPM Society of Economic Paleontologists and Min- 

UW^nternaiional Union of Radio Science 
U'MO World Meteorological Organization 

1983 

Dec. 12-13 Conference on Advances in Infiltra- 
tion, Chicago. III. Sponsors. American Society of 
Agricultural Engineers, AGU. (J. L. Nieber, Pro- 
sram Chairman, Dept, of Agricultural Engineer- 
fiio. Texas AJfcM Lfniv., College Station, TX 
77843.) 


Tarpon Springs, Fla. (Meetings, AGU. 2000 Flori- 
da Ave., N.W., Washington, DC 20009.) 

January 10-1 1 Computer Applications in Mineral 
Exploration. Toronto, Canada. Sponsors, Toron- 
to Geological Discussion Group, Geological Assoc. 
oF Canada, Canadian Institute of Mining and 
Metallurgy. Canadian Exploration Geophysical 
Society, and Association of Exploration Geochem- 
ists. (The Organizing Committee. CAME 1984, d 
oSamim Canada Ltd., Suite 21 16, ISO Adelaide 
Sl W., Toronto, Canada M3H SP5.) 

Jan. 11-14 National Meeting of the international 
Union of Radio Science (URSD, Boulder, Colo. 
Sponsor, U-S. National Gommiucc of URS1. (T. 

E. Van Zandt, NQAAfERL, R/E/ALS. 325 Broad- 


des Sciences de SaimKrime. 13397. Marseille 

, Ce &* L 8 ' : 98 «> 10. ext. 510.) 

Jan. 23-27 Ocean Sciences Meeting, New Or- 
leans. La. Hohn R. Apel. Assistant Director for 
Planning, Johns Hopkins Univ., Applied Physics 
^ho«tory. Johns Hopkins Rd., Laurel, MD 

Jan. 30-^eb. 3 Conference on Planetary Plasma 
Environment, Yoscmite, Calif. Sponsors, NASA, 
AGU. (f. H. Waite, NASA/Marshall Space Flight 
Center, tel.: 206-433-3037; or C. R. cWr. Stan- 
ford Univ., tel.: ■116-497-4691.) 

Feb. 7-8 Subsurface Investigations Conference, 
Surface and Borehole Geophysics, San Antonio, 
Tex. Sponsor, National Water Well Association. 


^ T « Sponsor. National Water Well Association, 

ta^fkjn C ° 803 2, 3 ' le * ,: 303-497-3854.) (NWWA, 500 W. Wilson Bridge Rd.. Worthing- 

J" 1 - 16 ^20 Microwave Signatures in Remote Sens- ion, OH 43085: tel.: 614-846-9355.) * 


Feb. 9-14 International 


iium on Recent 


Mineralogy. Petrographla e Geochi mica-Unlver- 
jiii, via La Pira 4, 30121 Firenze, Italy.) 

1984 

J in. 0-13 Chapman Conference on Natural Varia- 
tions In Carbon Dioxide and the Carbon Cycle, 


Spatiak des Rayonnemcnts (CESR). (Technical 
program. Erwin Schanda. University Berne, In- 
stitute of Applied Physics, Sidlesirasse 5, SO 1 2 
Berne, Switzerland or Richard K- Moore, Remote 
Sensing Laboratory, Univ. of Kansas Center for 
Research, Inc.. 2291 Irving Hill Drive-Campus 
West, Lawrence, KS 68045. Registration. F. Cam- 
bou, Head. CESR. 9 Avenue du Colonel Roche. 
B.P. 4346, SI029 Toulousc-Cedex, France.) 

Jan. 16-21 Penrose Conference on the Evolution 
of the Central Atlantic Ocean and ha Continental 
Margins, Giens. France. (J. Sougy. Laboratolre de 
G&Iogie Dynamiquc, LA CNRS no. 1 32. Faculty 


New Zealand. (Secretary, H. M . Bibby, Geopnyslcs 
Division. DSIR, P.O. Box 1320. Wellington. New 
Zealand.) 

Feb. 20-24 Chapman Conference on Colllslonless 
Shock Waves in the Heliosphere, Napa, Calif. 
(Meetings, AGU, 2000 Florida Ave., N.W., Wash- 
ington, DC 20009J 

Feb. z 1—24 South East Asia Petroleum Explora- 
tion Society (SEAPEX) Meeting with Fifth Off- 
shore Southeast Asia Conference and Exhibition 
iOSEA), Singapore. (). MacDonald, OSEA, 6-E 

RS 'ifiloi TRsKcIwT 09221 * C “ ^ 7 ’^ 476; lc * cx: 


International Geophysical Calendar for 1984 
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[30] Day of Solar Eclipse 
[i'5 - Airglow and Aurora Period ; 
10 M Dark Moon Geophysical Day(DMGD) 
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Feb. 25-S4 1 5th Meeting, Internationa] Erosion 
Control Association, Denver, Colo. (International 
Erosion Control Association. Inc., P.O. Box 807, 
Freedom, CA 95019; ie|.: 408-888-3228.) 

Maich 1 1-18 American Society of Photogramnse- 

S / and the American Congress an Surveying and 
ipping National Meeting, Washington, D.C. 
(Thomas l. Lauterboxn. Rie. I, Box 127, Water- 
ford, VA 22190: td.: 70 5-882-3334.) 

March 12-16 15th Annual Lunar and Planetary 
Science Conference, NASA Johnson Space Cen- 
ter, Houston, Tex. Sponsors AGU, Lunar and 
Planetary Institute, Mcteoritical Society, and 
American Astronomical Society. (15th Lunar and 
Flaneurv Science Conference Office. Lunar and 
Planetary Institute, 3303 NASA Road I, Houston, 
TX 77038; tel.: 713-180-2150.) 

March 13-16 Fourth Biennial SEG/U.S. Nary 
Joint Technical Symposium on Three-Dimension- 
al Marine Data Collection, Processing, Interpreta- 


39629; tel.-. 001-688-4760' 
March 14-17 1984 GSA hi 


March 14-17 1984 GSA Meeting, Hydrogeology 
Division, Northeast Section. Providence. R. 1. (Jeff 
Sgambat, Garaghly and Miller, Inc,, 844 West au, 
Annapolis. Mlf2H01; tel.: 301-268-7730.) 

March (9-23 Fifth Northern Research Basina 
Symposium and Workshop, Vienimaki. Finland. 
(C)iarlcs Slaughter, Chairman, U.S. Working 
Group, Institute of Northern Forestry, USDA 
Forest Service, 308 Tanana St., Fairbanks, AK 
99701, or Olli Faasanen, Secretary, Organizing 
Committee, Hydrological Office. Box 4116, DO 101 
Helsinki 10, Finland.) 

March 19-24 Third International Symposium on 
Land Subsidence, Venice, Italy. Sponsor, JAMS. 
(A. 1. Johnson, Program Cliairxniin. Third Inter- 
national Symposium on Laud Subsidence, Woad- 
ward-Clyde Consultants, 7600 East Orchard Rd., 
Englewood, CO 801 1 1.) 

March 22-29 Seventh International Symposium 
on Equatorial Aeronomy (ISF.A), Hong Kong. 
Sponsors, ICSU Committee on Space Research, 
lUGCl, IAGA. I AM A I’, and URS1. (S. Matsushita. 
Chairman. ISEA. High Altitude Observatory, 
N’CAR, P.O. Box 3n0l>, B.u drier. CX) 80307; tel.: 
303-491-5151.) 

March 26-27 GSA South-Central Sccihim Meeting. 
Dallas. TX. (lean Laiulijtne. Meetings Dent., 

(iSA, llinildcr, CO 80301; tel.: 303-417-2020.) 

March 28-30 International Symposium »n Earth- 

S uake Relief in Less Industrialized Areas, ZQrich. 
witzcrlantl. (Swiss Natiunal Committee Tar Earth- 
quake F.ngiiteering. SIA Pustfach, C.M-H039. 7,0- 
ncli, Stviucrl.il id ) 

April Arctic Water Pollution Ruesrtht Apulica- 
lious of Science and Technology, Yellowknife. 
N.W.T.. Canada. iVV.A. Btidgro, Briikn Values, 
Ltd., P.O. Box 3 1 1 j 1 , Halifax Soittli Post Office. 
Nova Srulia B3J 3 HA. Canaria.) 

April CSC.y.'AM.E Odd Regions Fitgincering 
Specially Ci lit I r mice on Northern Resource De- 
velopment, Fdmomnn, Allierta. t Daniel W. 

Snihii. Dcpl. of Civil Engineering. University of 
Alberta. Eiimontun. Alberta 1 ij(J 2C»7, Canada.) 
April Inter national Conference on Retenl Ad- 


vautes in Mineral Science and Technology, Jo- 
hannesburg, South Africa. Sponsor, -Smith Afri- 
can Council for Mineral Technology (Minrek). 
(The Conference Secrcutv (C.2 51, Mtnuk. Pri- 


vate Bag X3015. Randlmre. 2124 South Africa ) 
April 2-4 Second National Stmpusiiiiu anti Expo- 
sition on Groundwater Instrumentation, Las vc- 
gaj. Nev. SjKinsur. National Well Water Associa- 
tion. (D. M. Nielsen, Conference Coordinator. 
NWWA, 300 \Y. Wilson Bridge Rd.. Wunhington, 
OH 43085; tel.; 61 •1-840-9555. t 
April 3-5 Inierdisupliiim) C onference on Meet- 
ing the Water Needs of the Southwest, Dallas. 
Tex. (Michael A. Collins. School of Engineering 


and Applied Science, Southern Methodist Univer- 
sity. Dallas, TX 75275; tel.: 2U-8y2-3060.> 

April 4-li GSA Joint North-Central Section and 
Southeast Sections Meeting. Lexington, Ky. Mean 
Latulippe, Meetings Dept., GSA. Boulder, CO 
80301; tel.: 303-447-2020.) 

April 8-1 1 ISth Annual Rocky Mountain 
Groundwater Conference, Great Falls. Mont. (W. 
A. Van Voasi, Mont. Bureau of Mines and Geolo- 
gy. 3021 Sixth Ave. North, Billings, MT 59101: 
tel-: 406-259-9834.) 

April 1 1-13 International Conference on Hydrau- 
lic Design in Water Resources Engineering! 
Channels and Channel Control Structures, South- 


ampton, UK. (K. V. H. Smith, Dept, of Civil Engi- 
neering, The University, Southampton SOS 5NH, 
UK.) 

April 24-27 Pacific Conference on Marine Tech- 
nology tPACON 841. Honolulu, Hawaii. Sponsor, 
Marine Technology Society. (PACON 84, Center 
for Engineering Research, Univ. of Hawaii at 
Manoa. Honolulu. HI 96B22. id.: 808-948-7338 
or 7449.) 

April 29-May 4 Penrose Conference on Processes 
and Products of Multistage Melting and Metaso- 
matism in the Mantle, Gold Canyon Ranch, Ariz. 
Sponsors, GSA and USGS. (J. E. Pike, USG5. 345 
Middlefield Rd.. MS 75, Mento Park, CA 94026.) 

April 30-May 3 30th Annual Technical Meeting: 
Environmental Integration Technology Today 


Environmental Sciences, SHO E. Nonnweat nwy 
Mount Prospect, IL 60056; tel.; 912-255-1501.) 
ay-June 12th International Congress on Irriga 
(Ion and Drainage, Fort Collins, Colo. (1CID, 41 


(Ion and Drainage, Fort Collins, Colo. (1C1D. 48 
Nyaya Marg, Chanakyapuri, N« w Delhi 1 10012, 

May 7-ii Third Symposium on Arctic Air Chemis- 
try! Downside w, Dm., Canada. (L. A. Barrie, At- 
mospheric Environment Service, 4905 Dufferin 
St., DownsvieM’, Ontario M3H 5T4, Canada, tel.: 
416-667-4785; or K. A. Rtihn, Graduate School of 
Oceanography, Univ. of Rhode Island, Narragan- 
ani, R1D2BB1-1 191, id.: 401-792 -6«4.) 

May 14-16 Geological Assoc, of Canada and Mln> 
etalqglcml Aasoc, of Canada Joint Annual Meet- 
ing, London. Ontario. (N. D. MncRac. Dept, of 
Geology, Univ. of Western Ontario, London, On- 
tario NBA 5B7, Canada. 

May 14-18 AGU Soring Meeting, Cincinnati, 
Ohio. (Meetings, AGU, 2000 Florida Are., N.W., 
Washington, DC 20009.) 

Ma 1 20-25 International Symposium on Deep Ofc- 
servation and SAxjiplfug of the Continental Croat 
Through Drilling, Tarrytown, N. Y. (Barjry Ra- 
leigh, Director, iSmoni-Dohorty Geological Ob- 
servatory, Palisades, NY 10964; tel.: 914-359- 

2900.) 

May 21-23 International Groundwater Sym po- 
st union Groundwater Rekturcca Utilization anti 
Contaminant Hydrogeology, Montreal, Canada. 

• Sponsors, Canadian National Chapter or the Iri- 

• . trmaUottal Association of Hydrogcologisw and 

the Canadian: Water Well Association. (A. RditUi, 

• Chairman, Internatianal Graundwater Sympo- 

■ tium Montreal '84, Ministry or (lie Envirotiinem, 
765 Ordugllfoo St., Victoria, B. C-, V8V 1X6, 
Canada.), * 1 


Sandcri, Dent of Geology, Barnard College, Co- .- 
iuoibUi Univ., New*. York, NY 1001 7; tel.: 212- 
280-4$ 12.) . ’■ ■■■■ 

May 1(3-25' . Fourth National Symposium and Ex;- ; 
position on Aquifer Restoration and G round wa- 
ter Mbnitoring, Cohimbuo, Ohio. Sponsor, Na- . ; ' t • 

!' Meetings (to nh on p. 972) ' 
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lional Water Well Association. (NWWA, 500 W. 
Wilson Bridge Rd., Worthington, OH 43085; tel.; 
614-846-9355.) 

May 24-2G Symposium on die History of Soil end 


Missouri Cultural Heritage Center at the Unlv. of 
Missouri, the Agricultural History Society, and 
the Soil Conservation Service of the U.S. Dept, or 
Agriculture. (Susan Flader, Dept, of History, 
Umv. of Missouri, Columbia, MO 5521 1 . tel.: 
314-882-2481 nr 3M-442-I058; or Douglas 
Helms, Historian, Soil Conservation Service, P.O. 
Boa 2890, Washington, DC 20015, (el.: 202-382- 
0042.) 

May 28-;) une 212ih Internationa] Congress on Irri- 
gation' and Drainage, Fort Collins, Colo. Sponsor, 


E llen and Drainage, Fort Collins, Colo. Span 
S. Committee on Irrigation, Drainage, and 
Hood Control (UCIDFC). (UCIDFC, P.O. Bo: 
15526, Denver, CO «02 1 5.J 


May 29-June 1 joint Meeting of the 1 1th Annual 
Meeting of the Canadian Geophysical Union and 
the I8tn Annual Congress of the Canadian Mete- 


orological and Oceanographic Society, Halifax, 
Nova scoria, Canada, (a. D. Smith or H. R. Jack- 
son, Bedford Institute of Oceanography, P.O. 
Box 1006, Dan mouth. Nova Scotia, Canada B2Y 


son, Bedford Institute of Ocean 


lrifc,; 

June 4-7 Symposium on Climate and Paleocll- 
mate of Ukti, Rivers, and Glaciers, Igls, Aus- 
tria. Sponsor, International Commission on Cli- 
mate, IAMAP. (M. Kuhn, Institut fucr Meteorolo- 
gic und Geophysik, Schocpfstrasse 4 1. A-6020 
Innsbruck, Austria.) 

June 4-8 IWRA Seminar on River Basin Strategy) 
Unkflping, Sweden. < U. Lohm, Water Theme, 

I t r_: .. c loaaa i Mr.: c. i._ \ 


Linkdping Univ.,S-58l83, LinLOpirg, Sweden.) 
June 4-8 Seventh International Conic retire on At 


motpherlc Electricity, Albany, N. Y. Sponsors, 
IAMAP Internationa] Commission on Aintwpher- 


457-30R7.) 

June 4-8 Third International Conference on Ur- 
ban Storm Drainage, GOtcLorg, Sweden. Spon- 
•ori, IAI1R and I Men ration a I Association on Wa- 
ter Pulltnitin Research. (P. Malmqviit, da Dept, of 
Hydraulics, disinters Uuiv. or Technology, S-4 12 
00 GOicIsnrg, Sweden.) 

June 0-9 Second American Conference on lee 
Nucleating Bacteria, Flagstaff. Ariz. {Ralph m. 
Uilby Research (filter. Box 6013, Northern Ariz. 
Unlv., Flagstaff. M. 80011.) 

June II— 13 Symposium on Critical Assessment, of 
Forecasting in Western Water Resource Manage- 
ment, Seattle, Wash. Sponsor, American Water 
Resources Association. (G. R. Minton, President, 


Resource Planning Assoc.. 113 Lynn St.. Seattle, 
WA 98109; tel.: 298-282- 1G8 1 .) 


June 10-15 05th Annual AAAS Meeting (Pacific 
Division), San Franriicn. (Alan L l.cviton. Exec. 


Dir., AAAS (Pacific Division), Calif. Academy of 
Sciences, Golden Gate Park, San Francisco, CA 
94118. tel.: 415-752-1554.) 

June 18-22 Filth International Conference on Fi- 
nite Elements In Water Resources, Burlington, 
Vi. Soon son. Univenitv of Wnnani. A GIL (I. P 


nlle Elements In Water Resources, Burlington, 
V'i. Sponsors, University of Vermont, AGu. (I. P. 
Lai hie. Dept, of Civil Eng. and Alech. Eng., Umv. 
or Vcrmuui, Burlington, VT 05405; id.: 802-656- 

a Clin I 


June 19-21 Third International Conference on 
Marine Simulation, Rotterdam. Sponsor, Mari- 
time Research Institute Netherlands. (Secretariat 
MAKSIM 84. do Maritime Research Institute 
Netherlands. P.O. Box 1535. MOD ON Ruiicr- 
. dam. The Netherlands ) 


June 23-30 Pcnroie Conference on Melanges or 
tfae Appalachian Oro gen, Newfoundland. Spon- 
sor. GSA. (Orenna E. Lorenz, Dept, of Earth Sci- 


ences, Memorial Univ. of Newfoundland, St. 
Johns, Newfoundland A IB 3X5 Canada.) 

June 24 I nlemalional Conference on Geomem- 


i«- t. jonnwn, wooaward- 
Clyde Consul taut i, 7600 E. Orchard Road, Engle- 
wood, CO 80 1 1 1; tel.: 303-694-2770.) 

June 24 International Symposium on Imperme- 
able Barriers For Soli and Rock, Denver, Colo. 
£A. I. Johnson, Woodward-Cli de Consultants, 
7600 E. Orchard Road. Englewood, CO 801 1 1: 
lel.s 303-694-2770.) 

June 24-31) 14tlt International Conference on 
Mathematical Geophysics, Loen, Norway. (L. 
Tronrud, NTNF/NORSAR. P.O. Box 51, N-2007 

. Kjeller, Norway; telex: 18147 kein.) 

J u U e 25-27 Rock Mechanics in Protection and 
Productivity, 25th U.S. Symposium on Rock Me- 
chanics. Evanston, III. Sponsor, AGU. (Charles H. 
Dowd ting, Dept, of Civil Eng., Northwestern 
Univ., Evanston, IL 6C20I; i e J.: 312-492-7270.) 

June 25-JuIy 7 ICSU Commit lee on Space Re* 
teerchXSth Metiing.Cnu. Amu ra. (ftichard C. 
Hart, Space Science Board, JH-828. NaUonal 
£““«■)} orSneneei. 2101 Constitution Ave.. 
N-w-i Washington, DC 204 18.) 

June 25 July 7 Symposium on Space Observn- 

Studlea, Graz, Austria, Sponior, 
World CUmate Program. (S. Rutlenberjr. Sccre- 
c 5’8M07 P ) AR Commi,nan A - NCAR, Boulder, 


June 26-28 
the laten 
Austria. S 


Solar-Terrestrial Physics. (J. G. Roederer, Geo- 
B»?K 1 taMI,ll, * i Univ- “ Alaska ' Fairbanks. A 

June 26^28 1984 IniemBtionol Conference on 
Lightning and Static Electricity. Orlando, Fla. 
Sponsors. NOAA, IEEE. SAE-AE4 Committee, 
and ipiMii rauln ixmi . 2- 


and tevcral military and civilian air itamponation 
agencies in the U.S. and UK. (J.J. Fisher, Confer- 
ence Chairman, U.S. Nava] Ail- Systems Com- 


V« _ , , — - 1 ■■■ VJ * J • • Mi«wi ) vnrmhl- 

ence Chairman, U.S. Naval Ail- Systems Com- 
"“Hd.P.G. Box 15036, Arlington, VA 22215; 
tel.: 262-692-7822; or 0. Odarn, European Coor- 
(lltlMor, i Royal Aircraft Establishment, Fnrnbor- 
ough, Hams, GU14 5TD UK; tel.: 0252-24461, 
ext. 2638.) 


June 26-28 International Symposium on Deep 
Structure of the Continental Cnuli Results from 


Reflection Seismology, Ithaca, N.Y. Sponsor, 
AGU. (Muawln Barnzangl. Conference Coonllna- 
tor. Dept, of Gcoldgic.il Sciences, Cornell Univ., 
93747 b)* Y 1 ‘ IR53: tt, - : 907-250-64 1 1 or telex: 


July 9-18 Internationa] Symposium on Space 
Techniques for Geodynamics, Sopron, Hungary, 

tlonal Coordination of Space Techniques for Ge- 
^maml Geodynanik*. (Cli. Rcigber, Dcuuchcs 


July 9-13 , Longitude Zero, Greenwich, UK. Spon- 
sor*, InleniailonaJ Union Tor the History and Phi 
Idsophy of Science and the International Astra- 


Idsophy of Science and the Internationa] Astro- 
nomical Union. (Conference Officer, "LongHude 
Zero Symposium, National Maritime Museum 
, Greenwich. London SF.O 9NF, UK.) 

July 19-25 Syrauorium on Wave Breaking, Turixt 
lent ; Mixing, pnd RitHo Probing of the (ft* 

Earth and Planetary Sriencea, Johns Hopkins 

21218; cel.E 301-338-7036.) 


Terence, Boston. Sponsor, Society for Computer 
Simulation. (W. D. Wade, 1984 SCSC Program 
Chairman, Wade Engineering P.C-, P.O. Box 849, 
Huntington, NY 1 1713: teL: 516-27 1-6073.1 
J uly 23-26 I lib International Symposium on Ur- 
um Hydrology, Hydraulics, and Sediment Con- 


trol, Lexington, Ky, Sponsor, Univ. of Kentucky. 
(E. Haden, Coordinator, Ofiice of Continuing 
tducatlon/Eitginecrlng, 223 Transportation Re- 


Dept, of Civil Eng., Univ. of Illinois, 208 N. Ro- 
mine St., Urbanaf 1L 61801; tel.: 217-333-0687 or 
333-0536.) 

July 3 1 -August 3 Workshop on Fission Track Dst- 

^ Troy, N. Y. Sponsors, General Electric R&D 
. SUN Y at Albany, and Rensselaer Polytech- 
nic Institute. (Donald S. Miller, Dept of Geology, 
Rensselaer Polytechnic Institute, Troy, NY 


tducatlon/hnginecrlng, 225 I ransporuuon Re- 
search Bldg., univ. oFKcntucky, Lexington, KY 
40506-0043. tel.: 606-257-3971) 


tug. 4-14 27th International Geological Con- 

E as, Moscow, USSR. Sponsors, USSR National 
mmitiee for Geology, IUGS. (Organizing Com 
mil tee of the 27 th IGC, Institute olthe Litho- 


Irrigation and Drainage Division. (Kenneth G. 
Rcnard, Southwest Watershed Research Center, 
2000 E. Allen Rd., Tucson, M 657 19; tel.: 602- 
629-6381.) 

July 26-27 A Joint Workshop of the Committee 
on Climatic Changes sad the Ocean and the 
Joint Scientific Committee for World Climate Re- 
search Panel, Sendai, Japan. (O. M. Phillips. 

Dept. Earth and Planetary Sciences, Johns Hop- 
kins Univ., Baltimore, MD 21218; tel.: 301-338 
7036.) 

July 39-Auguu 4 Eurogeophyalea Assembly, Lou- 


Committee for Geology, IUGS. (Organizing Com- 
mittee of the 27 th IGC. Institute olthe Litho- 
sphere, 22, Staromonetny, Moscow, 109180, 
USSR.) 


Aug. 12-1 7 20th Annual AWRA Conference and 


22060; tel.: 703-355- 


Aug. 13-17 . 12th International Laser Radar Con- 
ference, Aix-en-Provence, France. Sponsors, 1A- 
MAP and AMS. (G. Meric or J. P. Granicr, Ser- 
vice D' Agronomic du CNRS, i2lh Internationa] 


July 31-Aug. 2 Fourth international Symposium 
on Stochastic Hydraulics, Unlv. of Illinois, Ur- 
bana-ChampaiBn. Sponsors, IAHR and AGU. 
(Ben C. Yen, Wilson H. Tang, cur Glenn E. Stout, 


Laser Radar Conference, DP 3, 9 1370- Verrif res 
le Buisson. France.) 

Aug. 21-29 International Radiation Sympoaium 
'« (IRS), Perugia, Italy, Sponsor, IAMAP Radia- 
tion Commission. (Giorgio Fiocco, Chairman. IRS 
‘84, Dipartimenio di Fisica, Club Univcraitana, 


00185 Rome, Italy; telex: INFNRO 613255.) 
tug. 26-3 1 Seventh Australian Geological Con- 
vention, Sydney, Australia, Sponsor, Geological 


fc &. S 7? Quadrennial Ozone Symp^luS 8 ® 1 
dtki. Greece. Sponsors. IAMAP lnternaSn.i b 
Ozone Commission (IOC), Commission Hen, 
ropean Commumues, the Academy of AVh«! ^ 
and WMO. /Christos S. Zeroros, ctalnJlS u- 
Organizing Otmmittee, Physics Dept 
Box 149, Untv. of Thessaloniki, Thess^orfift 

n t uMfc n e°^ information request lo'r 
D. Walshaw, Secreury, IOC, Clarendon L.h« 

BS. uiS" 1 Univ " ^ rlts Rwd ' 

^p 1 - Conference and Exhiia- 

tsssrafiMsafr- 

20036^) St ' N,W ‘* Sui,e 412 ' ^“h'ngioo, DC' 

Sept. 10-14 Internationa] Symposium on Hvdm. 
machon cal Balances of Freshwater g J gr 
Stock! >ol m/U p psa la , Sweden. Sponsors, 

Research Council, UNESCO^) 
IAHS. (M. Falkenmark, Exec. Sec. NFRS, Comn 
for Hydrology, Box 671 1, S- 1 1385 StocSwta 


Sept. 24-25 Seminar: Enhanced Biological Re- 
moval of Phoaphorua From Wastewater, Paris. 


EXPLANATIONS 

This Calendar continual the series begun lor the tGY years 1937- 
58. and Is issued annually to recommend dotes lor solar and 
geophysical observations which cannot be carried out continuously. 
Thus, the amount of observational data In existence lends to be 
lorger on Calendar days. The recommendations on data reduction ond 
especially the flow of data to World Data Centers (WDCs) In many 
Instances emphasize Calendar days. The Calendar <t prepared by the 
International Urslgram and World Days Sarvlce (IUWDS) with the 
advice of spokesmen For the various scientific disciplines . For greater 
detail concerning explanations or recommendations ycur attention Is 
colled to information published periodically in I ABA Naive. IUOO 
Chronicle, URSI Information Bulletin or other scientific fournals. 

The definitions of ihe designated days remain as described on 
previous Calendars. Universal tlma (UT) is ihe stondard time for all 
world days. Regular Oeophyslcal Days (ROD) are each Wednesday. 
Regular World Days (RWD) are three consecutive days each month 
(always Tuesday, Wednesday and Thursday neor the middle ol ihs 
month). Priority Regular World Days (PRWD) are ihe RWD which 
(all an Wedinesdays. Quarterly World Days (QWO) are one day 
soth quarter ond are the PRWD which toll tn the World Oaophyslcet 
Intervals (WGI). The WOI ore fourteen consecutive days in each 
season, beginning on Monday of the selected month, and normolly 
shift Irom year lo year. In 1984 Ihe WGl will be February. May, 
August and November, 

The Solar Eclipses ore: Moy 30 (annular) beginning In the 
equatorial Pacific Ocaon. crossing Mexico. SE United Slates. Atlantic 
Ocean and ending In N. Airica (the partial zone ranges from NW 
S. America to arcllc Canada. Greenland. Scandinavia); November 22- 
23 (total) beginning In New Guinea, crossing north ol New Zealand, 
and ending west of Chile (Ihe partial zone Includes the Philippine 
Islands, Australia, Indonesia, west Antarctica and the extreme south 
of S. America). 

Nletoor showers (selected by P.M. Mlllman. Ottawa) Include 
Important visual showers and also unusual showers observable 
mainly by radio ond radar techniques. The doles for Northern 
Hemisphere meteor showers are: Jon 3. 4; April 21-22: May 2-5; Jun 
8-12. 27-29. Jut 27-29; Aug 10-13; Oct t9-12; Nov 2. 3. 17: Dec 12-15. 
21. 22. 1984. The dales for Southern Hem I ip here meteor showers are: 
Moy 2-3. Jun 8-T2. 20. 21. Jul 36-JO. Oct 19.22. Nov 2. 3 17 P-c 5 7. 
12-15, 1984. Note that the meteor showers that come In the first week 
ol Moy and fhe third week In October are ol particular Interest 
(fragments of Halley's comet) because ai the approach of Halley's 
cornel In 1986. 

The occurrence of unusual solar or geophysical conditions Is 
announced or forecast by Ihe IUWDS through various types of 
geophysical “Alerts" (which are widely distributed by telegram ond 
radio broadcail on a current schedule). Stratospheric worming* 
fSTRATWARM] are also designated. The meteorological telecommuni- 
cations network coordinated by WMO carries these worldwide Alerls 
once dolly soon oiler 0400 UT. For dellnillons ol Alert* tee IUWDS 
"Synoptic Codes lor Solar and Geophysicol Data, Third Revised Edition 
1973" and Its amendments. Retrospective World Intervals ore 
selected and announced by MONSEE and elsewhere lo provide 
additional analyzed data (or particular events studied in the ICSU 
Sdenlillc Commltoa on Solar-Torreslrlol Physics (SCOSTEP) programs. 


RECOMMENDED SCIENTIFIC PROGRAMS 
PLANNING 8DITION 


(The following material wot reviewed in 1983 by spokesmen ol IAGA, 
WMO and URSI as suitable for coordinated geophysicol programs in 
1904.) 

Alrglow and Aurora Phenomena. Alrglow and auroral observ- 
atories operpte with their full capacity oraund the New Moon periods. 
However, for progress In understanding the mechanism ol Inter alia, 
low latitude aurora, the coordinated use ol oil available techniques. 


optical and radio, from Ihe ground and In space Is required. Thus, lor 
the elrglow and aurora 7-aay periods an the Calender, ionosande. 


the elrglow and aurora 7-aay periods an the Calendar, ionosonde, 
Incoherent scalier, special satellite or balloon obsorvallons, etc., are 
especially encouraged. Periods of approximately two weeks' duration 
centered on ihe New Moon are proposed lor high resolution of 
Ionospheric, auroral and magnelospharlc observations a I high 
latitudes during northern winter. 

Atmospheric Electricity, Not-conlinuous measurements and 
data reduction ter continuous measurements ol atmospheric electric 
current density. Held, conductivities, space chorges, Ion number 
densities. Ionosphere potentials, condensation nuclei, eic.: both at 
ground ae we|| as wllh radiosondes, aircraft, rockets: should be done 
With first priority on Ihe ROD each Wednesday, beginning on 4 
January 1984 at 1800 UT, 11 January at 0000 UT. 18 January at 0600 
UT. 25 January al 1200 UT, etc. (beginning hour shifts six hours each 
wsek, but Is always on Wednesday). Minimum program Is al Ihe 
same lime on PRWD beginning with 18 lanuary ai 0000 UT. Qolo 
reduction lor continuous measurements should be extended, if 
possible, to cover al least the lull RGD including. In addition, at leasl 
6 hours prior lo Indicated beginning time. Measurements prohibited 
by bad weather should be done 24 hours later. Resulls on slerlcs and 
Elf are wanted with first priority lor the same hours, short-period 
measurements centered around (he minutes 35-50 ol the hours 
Indicated. Priority Weeks are Ihe weeks which contain a PRWD; 
minimum priority weeks are the ones with a QWO. The World Doto 
Centra far Atmospheric Electricity. 7 Korbysheva, Leningrad 1 9401 8, 
USSR, Is Ihe collection point lor dola and information on measura- 
menis. 

Geomagnetic Phenomena, It has always been a leading 
principle lor geomagnetic observatories (hat operation* should be a* 
continuous qs possible and Ihe great ma|arlly of stalloni undertake 
Ihs some program without regard to Ihe Calendar. 

Stations equipped lor making magnetic observations, but wh(ch 
cojwoi carry oul such observations and reducllons on a continuous 
schedule are encouraged |o corry out such work ol least on RWD (and 
during limes o( MAO STORM Alert). 


Ionospheric Phenomena. Spoclol attention Is continuing on 
particular events which cannot be forecast in advance with 
reasonable certainty. These will be identified by Retrospective World 
Intervals. The importance ol obtaining lull observational coverage is 
therefore slressed even H it is possible lo onalyze the detailed data 
only lor fhe chosen events, in the case ol verllcol Incidence sounding. 

Ihe need lo obtoin quarter-hourly ionograms al as many stations oi 
possible Is particularly slressed ond takes priority over recommenda- 
tion (a) below when both are not practical. 

For the vertical incidence (VI) sounding program, the summary 
recommendations are: (a) all stations should make soundings at Isail 
every quarter hour. Stations which normally record at every quarter 
should, l( possible, record more frequently on RWDi, particularly at 
high latltudesi (b) oil stations ora encouraged lo make f-plols on 
RWDs; I -plots should be mode for high latitude station*, and tor re- 
called ‘'representative'' stations at lower latitudes far all days (le.. 
including RWDs and WOls) (Continuous records ol lonasphsrlc 
parameters ora acceptable in place ol l-plots at temperate and low 
latllude stations): (c) copies ol hourly Ionograms wllh appropriate 
stoles lor QWDs are to be sent to WDCs; (d) stations in Ihe eclipse 
zone ond Its conjugate area should lake continuous observations on 
solar eclipse days and special observations on ad|ocent doys. See olio 
recommendations under Alrglow and Aurora Phenomena. 

For incoherent scatter observation program, every ollort should 
be made lo obtoin measurements at least on the Incoherent Scatter 
Coordinated Observation Days, and intensive series should bs 
attempted whenever possible In WGIs or fhe Alrglow and Aurora 
Periods. Give Apr 4, Jul 25 and Dec 19 lower priority ll you must 
compensate for the extended 3-day periods In Jan. Jun 1984. and Jan 
1985. The need for collateral VI observations with not mare than 
quarter-hourly spacing al least during ail observation periods Is 
stressed. Dr. M.J. Baron (USA). URSI Working Group G.S. Is 
coordinating Special programs. 

For the Ionospheric drift or wind measurement by the various 
radio techniques, observations are recommended to be conconiraltd 
on the weeks including RWDs. 

For traveling Ionosphere disturbances propose special pericdi for 
coordinated measurements of gravity waves Induced by mognsto- f 
spheric activity, probably on selocted PRWD and RWD 

For the Ionospheric ohw|'i«Mi« I mj I t -hourly observations 

are made or least on all RWDs and hall -hourly tabulation, sent »o 
WDCs'. Observations should be continuous on solar eclipse days lor 
stations In eclipse zone and In Its conjugate area. Special attain 
should be made to obtain dally absorption measurements a 
temperate latitude stations during lha period of Absorption Winter 
Anomaly, particularly on day* of abnormally high or abnormally low 
absorption (approximately October -March, Northern Hemispnare' 
April -September, Southern Hemisphere). 

For back-icotler and forward scatter programs, obsorvallons 
should be made and analyzed on all RWDs al leasl- 

Far synaptic observations of mesospheric (D region) a'et roa 
densities, several groups have agreed on using Ihe ROD lor tne "° ur 
around noon. 

For ELF nolle measurements Involving the earth-lonaip sr® 
cavity resonances any special oflorl should be concentrated aur ng 
the WOls. .. 

ft Is recommended that more Intenafvo observation* n 0 
programs be conslderod on days of unusual moteor activity. 

Meteorology. Particular affarts should be mode to carry 
Intensified program on the ROD -- each Wodnosdoy. UT. A oesiraw 
goo! would be Ihe schodullng of melaorologlcol rocket sondes, oi 
sondas and radiomefor sondes on those days. ,0 9®! w 
maximum-altitude rawlnsondo ascanti ol both 0000 and 1200 u . 

During WOI and STRATWARM Alorl Intervals, 'n’onwiw 
programs are also dstlrablo, preferably by the Implamenia 
RGD- type programs (soe above) on Mondays ond Fridays, as w 
on Wednesdays. 

Middle Atmosphere Program (MAP). MAP runs torn l 
1982 ihrough 1985. Techniques lor observing Ihe “ lrn poy/g* 

should concentrate or center Ihelr observations on iha RGDs, : 
and QWDs. II Is recommended that observing runs lor * paV jn, 
planetary wavas and tides be at leasl 10 days canierod on tne 
and QWDs, Non-conl Inuous studies of stratospheric warmings ® ^ 

effects of gaomognetlc activity on the middle almospnere 
initiated by STRATWARM ond MAGSTORM alerts, respectively, r 
more detail see Ihe "Recommended Scienllflc Programs _ 
reverse of ihe Middle Atmosphere Dynamics Calendar »» 
which will he published os a special edtllon of Ihe IOC lor 1M"V , 
Solar Phanomana. Observatories making spoclollzod s 
solar phenomena, particularly using new or complex leehniqu ■ ^ 
thol continuous observation or reporting 1* Impractical, ore req 
lo moke spedol efforts to provide fo WDCs data for Sofar P .• 
days, RWDs and during PROTON/FLARE ALERTS. The attention 
those recording solar noise spectra, solar magnelfc fields 0 
specialized optical studies la particularly drawn to inis 
mendallon. , B w , 

Space Research, Intarplanatary Phanomana, Cosmi ■ 
Aeronomy. Experimenters should lake Into account that obie 
al effort in other disciplines tends lo be Intensified on t , 
marked on ihe Calendar, and schedule bolloon and rocket _ v ^ 
ments accordingly If there oro no other geophysicol r ®° . 0 |-’ 

choice. In particular If Is desirable lo make rockel measure ^ 
Ionospheric characteristics On the same day ol as many loco . . , 
possible: where feasible, experiments should endearor t . 
rackets lo monitor at leasl normal conditions on Ihe wu . 
World Days (QWD) or on RWDs. since these ore also days w 
there will be maximum support fi l om ground observatio n i ■ 
special efforts should be made to assure recording, of lejem r 
QWD and Alrglow and Aurora Periods of experiment on *oiei 
arid of experiments on spacecraft In orbit oround fhe sun. //■top) \ 
For URSI/IAGA Coordinated Tidal Observation* Program i»- 
Contact Dr. R.G. Rope/ (USA) lor fho 1984 Colondor. . 


h 7 STw (lUWO*) Is a permanent scientific service of the iri.ernalionul Union of , Radio Stance jgj'-l 
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IUWDS coordlnote* the Interriotlonol asp^i* . | 

association wlth^ A.H. Shopley. member of MON«* | 
bevn .Issued annually b^lnnlng.wllb ^ j , 
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41100 Meudon. France, jdMUWDS Secrsta'T . . . . 





Cnnnwr, International Association on WRtcr Pol- 
lution Research ami Control. (Michel Florentz. 
Phosphorus Seminar, Anjuu-Redicrche, 52, rue 
d'Anjou. 75384 Paris Cgjw France; id.-. 266- 


91_5D; telex: Gencaux 280 332 F.) 


Bridge Rd., Worthington, OH 43085; lei.: GM- 

nij^ber 10-13 New Mexico Geological Society 
J5th Annual Field Conference. Taos. (R. Riecker, 
General Chairman, Los Alamos National labora- 
tory. Mail Stop D446, Earth atul Space Sciences 
Div., Los Alamos, NM 87545.) 

Od. J7-19 AIPG Annual Meeting, Orlando, Fla. 
(Bobby I. Timmons, General Chairman, Tim- 
mons Associates, F.O. Box 50606, Jacksonville, KL 
38250; lei.: 904-246-4533.) 

Oct. 31-Nuv. 7 Regional Assembly of IASPEI, 
Hyderabad, India. (Mohan L. Gupta, Organizing 


physics.) 

Nor, 3-8 GSA Annua! Meeting, Reno, Nev. (Jean 


GAP 


Ululippe. GSA. P.O. Box 9 1 49. Boulder. CO 
80301; id,; SOS-44 7 -202 QJ 
Dec. 16-21 International Chemical Coneieai of 
racmc Basin Societies, Honolulu, Hawaii. Spon- 
sors, ACS, Chemical Institute of Canaria, and 
Chemical Society or Japan. (PAC CHEM '84, 
Meetings and Divisional Activities Dept., ACS, 
1155 loih Si.. N.W., Washington, DC 20036; id: 
202-872-4396; PAC CHEM ft, Chemical Insti- 
tute of Canada, 151 Slater Si., Suite 906, Ottawa. 
Ontario KIP5HS; id.: 613-233-5623; PAC 
CHEM *84, Chemical Society of Japan, 1-6. 
Kanda-Simigadai, Chiyotla-ku. Tokyo 101 ; tel.: 
03-292-6161.) 


1985 

January 7-12 I7lh International Congress on Hy- 
drology of Rocks of Low Permeability, Tutaon, 
Ariz. Sponsors, International Association of Hy- 
drogeologisis, AGU. (E. S. Simpson, Dept, of Hy- 
drology and Water Resources. College of Eanh 


Sciences, Univ. of Arizona. Tucson, AZ 85721.) 
Match 10-15 American Society of Photogramme- 

a and American Congress on Surveying and 
japing National Medina, Washington, D. C. 
tWiUanTA. Ktmcis, 44 15 Jensen PI., Fairfax. VA 
22032; tel.: 703-425-8790;) 

April 1-4 European Union of Geosciences Bien- 
nial Meeting, Strasbourg. France. (Organizing 
Committee. Dept, of Earth Sciences, Univ. of 
Cambridge, Downing St., Cambridge CBS 3EQ. 

May M-31 AGU Spring Meeting, Baltimore, Md. 
(Meetings, AGU, 2000 Florida Ave., N.W., Wash- 
ington, DC 2dCl09.) 


servaioire de Meudon, F 92195, Meudon Princi- 
pal Cedex, France; Telex: 200 590 CNF.T OBS.) 

June 9-15 IWRA fifth World Congress. Brussels, 
Belgium- (Fifth World Congress On Water Re- 
sources, Brussels International Conference Cen- 
tre, Parc dcs Expositions, Tcntoonstcllingspark, 
B-1020 Brussels. Belgium; tel.: 32-2-478-48-60; 
telex: 23-643.) 

Aug. 5-16 IAMAP/IAPSO Joint Assembly. Houo- 
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lulu. Hawaii. (Meetings, AGU, 2000 Florida Ave., 
N.W., Washington. DC 20009.) 

Aug. 19-23 Sixth Gcmdwana Symposium, Colum- 
bus, Ohio. Sponsor, GSA. (D. Uliol, Ohio State 
Univ., Iiumiiicof Polar Studies, 103 Mendenhall, 
125 South Oval Mall, Columbus. OH 43210.) 

Seu. 17-21 AIPG Annual Meeting. Si. Pauli Minn. 
(Robert E. PrcndcrgaM, General t ^airman. Geo- 
technical Engineering (tnrp.. 1925 OakcreU Ave., 
Roseville, MN 55113; icl.: 61 2-1)3^77-14. 1 
Oct. 14-17 GSA Annual Meeting, Button. Mass, 
(lean Latulippc. GSA, P-O. Box 91-10. Boulder, 
CO 80301; tel.: 303-447-2620.) 


J 80301; icl.: 303-447-2620.) 
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time of their listing in EOS or in final 
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Aeronomy 

OUQ CogMl 1 • i* ■*'!• DltMldC 

uuuniBn i’* -viw* ftkira-yqj.v •■';•.> V vu>.«»«u- 

rao tnuiFD raoh kihbuj-. i„;a 

SuifcU (kMkra illASA/Uod Jar J III. -la 

CMa m, WunboLt, Maty land Ju77ly 
Ha idUI nin« and tba aiono nixing rntlo nt varf* 

.-Ji fr unn /avals in rh* virnronphorn na«i>irvd / r«.o 
_ii» firhg-i guy amarla ant ovnr « aovan-yvar i>ur>uJ 
Tra-W>>-WBywrts— ‘■rfaiushirr'" 1 ' data baaa 
atilhtta CO atudy the poailMa irfHB Medlar varl- 
itllltf oo Btrataipharic ozonn. It U ahovn chat with 
UldKiaata in aoiat activity fron 1 9 70-197 1 , tho 
tUtaUy averagad ozonn Inr^riod tron Blnbua-'. dam 
iKiaaau Irm about 10— 1 ZX In the upfior airotoapharc 
u itajt 1-JX In tba lowar itratoaphara. Tl.ln ayatom- 
■K daeraua at ail praaauta lovota 1 * nod., 1.1 tad by a 
Wul-partodte aacillaiian ol about n evo-yenr parlod- 
Silk iXt ayntinatic dottaaan and t-ha <iuaal'parlodlc. 
tictllittoni In naona anon to ba cor r a La tod with tho 
<cvutUn«l tndlcaa ot solar acclvuy luggvatlng n 
*»Ur uv-oMni ratal lanahtp. DaipUn chit Apparent 
'analatlmi. It is difficult to account (or tho ob- 
itnid chugai at vorloui yraaaura lnvola vlth our 
‘-'Rnl undaracandLng of tlia phctoahnalcil nadola and 
't-Ur uv Mu* variation! over a aolor cycle The 
Jiiienaat betvaao tha ohaarvod and the cdlcuiatad pro* 
jjlli af mam nixing ratio la cooaidaribly Inprovad 
U iha 1W data la cor carted Tor tha rhenitaa in tha 
Utiriaant auaitlvlty ualng Unkalir obaarvaltona oi a 
'•'•rtosa. 

J - 5««phy». I«. , Arena., Paper 101 797 

Electromagnetics 

(Nuaorlcat TOehnlquea) 

K IHPBRPECn.T CONmJCTimi Aim UtPRDAXCP. 
"■■OIMI A SMWICAI. APMOACII 
■ Sakak and |„ Shafal (Dopartnant of Eleottlenl 
JHjMirtag, Bnlvaral ty of Manitoba, Dlnalpai, 

'“JWba, Canada, OT 2NZ) 

“ ApprOzUita muBrloal mot bod for treaties tba 
?T“ •( icaLtarlDg [roa aptiarolda vlth lapadaeea 
. tl r ,ry “rtltl one la praiantod. tattially, tha alac- 
af eurr,l,t * * ra datanalond from tho eolation 

,i.A~ J Integral aquation and itaglaoting tha 

Vbm! suefica ourranti. Tha Impadaoca 

II, •aadltiooi are than uiad to obtain the magna- 
earxanti (roa tha coaputad ninctric eu»- 
JJJV ™ aathod la applied to both ophorteal and 
■la 4ld " 1 °T wrylo* eurrace Impodanoaa and 

“re ooaparad vlth tha analytic oc 
tW .i 1 l,u,r “ 1 aquation aotuttona. It ia found 
‘ ,cgT * c » ot eka result ■ le taaaonahla, bit 
lmuT! m to,h ohjoct'o gooMtry and tea aurfaea 
slao a bow that tha method pra- 
' “rtaeattarod field accurately, far all *ur- 
Ih* Aopraaoncattua ooaputad data for 

’Ift aiM 11 ' ,,Ml baebaeattored field* of apbarolda 
‘Uariat axial ratio* nod aurfaea lapadancaa are 

boundary condition*, 

W - fc L, Taper JSI6M 

Prop-<,at:iQn I Eaeth 

!S0UlTTn2 S .? ? HEA8URBD CROSflPOtAHlSATION 
‘CtQM a aiBCRIHINATION FOR RAIN ANn 

5. r J5_ M CHS SPACE BARTH PATH 
CravfJT-S? w - VI. Arnold, (Ball Laboratories 
1 * 4 ? ."4 1 Uboratory, Koindel, NJ 07733) 
fr~! lc * ln * radio path oan oouple , 
" ava tranamltted with s oivan 
41 mu 1 ? t0 th * orthogonal polar 1 eat Ion. 
Vfch troren^ ^*9 * path, the ratio ot 
"Mari.-n Alanal conponont to tho 

**P<HariM»i <,nal oaoponant la defined am 
4l *eriai„:7 on OE ■■ oroampolariiation 
l ‘®I*tioa*iin?* • Cro Bipolarisation 
MiriS * , PI > is lha ratio of tha otaaa- 

oowponant fron one transmitted 
^aponret to . fch * oopoiarisad a Iona 1 
*5rlretw r orthoqonal transmitted 
ll «t dataZ?' Tha tvo sianal bonpononts 
W1 **lia».l!!t ne W1 Bra raoolved on the saw 
^Renantii in-oontraet, the two sianal. 

"7 ortWo-I, ^ateraine XPd are received 

ltrr. 1 . BolarliiHiu. - 


Exploration Geophysics 


■InqlaTa?,?*) Polariiatione,- conventional 
^ oni/ » *‘*«tton propaqation exoerinents 
^!“5« XPn. However, XPI 1. tlte 
S? l -polarU.^ i ’" ik “ the perfornonae of 
rat U..” - 1 ,q on — J iiioatlon ays tana. 
f 4 Cr oaepoLr - ? a, 2 tBC * ,,t " ° e oof-olarized ; ' - 
,l on»l components for 
atSSSLi 1 "?;' polarisitiona . 


ZT* «t Crnwal i 27 ? r polarisations ware •. 

Jersey valng ' 

7**TAr • # taiwi tched L9 Ohs beacons on 

Ij* used to iiii 8 ": from this eXPerlaaot 

m and x £°* that inatantqqeous. valuse 
A? 1 b«a .L**® equal. This la the • 

W- 1 D B PoI,r?f . f , epeoe-e at ttj propagation 
^qeklonj, 1 eartnz-space ' 

.***•• p *f*r 381018 ' ' . : '• . 


0920 Magnetic and Eloclrlcal Hat hod a 
UWWIDN OP OCKAX MTTOM MACKUOitltURtC BATA 
RSVtSITED 

D.W. Oldenburg and R.P. Uhittall (Papt. cf Canphyalca 
and Aatrouay, Onlvaralty of Brlclah Colnmbla, 

Vanrouvit, B.C., -Unada, VbT 1V1) , R.l. Parker 
(Scrlppa Inatltutton of Oceanography, Voivaraity 
of California, San Diego, La Jolla, Californio, 

92093.1 

Thrai ocean bottom aagDatot al lurtc data neta fro 
attea on tha Pacific plata era raintarpratod. Tha 
Initial analyala found a rorrolatlon botvoen the 
llthoapborlc ago and tha depth to a conductive rose 
beneath each alt a. That work also auggaatod that 
tha taalatlvlty lncraaaed below the conductor. TMb 
analyala. which Include* naw method* for conwt rutting 
ona-d loan atonal conductivity modola, alwwa chat Cho 
poatuVatad Incraaae in taalatlvlty It not dsonndrd 
hy ch* data. It alao rovaala an unexpectedly large 
nonuolquonaea inherent In tho Intorpratnclon ,f tboae 
data. Tba prevloualy reported treoda with llthe- 
apharlc ago atlll exlat, til they are not oa atrong 
ae laltlally bellavad. Finally, It la ahown rlgoroua- 
ly that tha dlflaront age attaa nra dlailnct In that 
no ona-dlaanatonal codol can account fur all thraa 
Jam aeta. 

J. Caophya. Roa.. Earth, Par«r IBldOt- 

Geodesy and Gravity 

l«U> Tuat.ll Howmciila 

c..:pirhi vi. iiu nrv r uf Ptmcu-iv vjrpeuio:i 

I rvrl INI, IMI-KI'MIA. lUM'i IN JvUiHkJ'-V uALllt-HMa" af 
HIM loM f . IllU-h'il 

h. %. yieiu tt.b. "»wvl oglca l Survav, MS !t, M.niu 

■ •IV, 

I-. . ri.rnl Inaual [gll Ion U 1 avutheln uulllurnU 

iuv. • - 1 . 1 . 1 , Strungu 1IV«1| doubl.d Ilia c-rracllon 

provtoualy uaed by ina Matlunol 4ad«l|. i.'w. In 

■ tmoapiivrle refraction error. Ualng data c«rr*wtid in 
thl* Banner, Strang* ||981| argued that ’Uplift al 

... c-,n^«-iah»c retail** to L»* Angakaa tftM 
Vii/ during iUM-IIPZa la no greater man it) ia‘. and 
that "The bulk of cno motion occur* aa local Had mat loo 
ad rhe 5*n Cebrlpl Pauli during l9SJ-|Cbl*. Neither 
Ol tr.vae iiaLaarni, iron Stranga'a abatravt find aup- 
port In t ho ret tact lon-cortec ted ekavatlooa praauniad 
In hit paper. Strang* (alltd lo tonal aunt lv link 
alvvutlun v.hnngaa to hi- Lr>* gng.iaa rvlarenca aiallon, 
■.uobinod cor roc tod and uncurracied daia, arid mialabanlv 
rejected two autvry*. Ualng only Strange* a rofracllon- 
correctud olevnilona and hi* ralaienca atelloa line 
1953 height ol BH V)2 at Loa Angela*) I Und mat I JO 
t I* « ol upllll decal apod both norrn end aouib of tea 
3a n Andrea* Fault baLweon 19SS and lyZJ . tha moat 
critical aurvay dlacardad by arrange abo-a 4l> an or 
•levotlnn change over ■ dlacanca af 5 km. Strange coo- 
tandmd that Tho elevation change Via caul an hy a LVhh 
"lavullng blunder* be two on two bench mark*, In fact, 
lha tilt developed uni lately between four beach aarki, 
making blunder untenable. Fnatorlng tnla aurvay ylalda 
lbu ♦ 19 re uplift by 19b* at Urapnvfoa, which lie* 1U 
km aoulh of tha IvSd Karn County aplcaatar and 

north ol both the San Gnbrial and San And ran* fault*. 
Thole roaulta contradict Stranga'a aiaarclon* oa to 
the magnl tuda, local loo, and period af upli It . 
(aailinic uplift, gaadatfc maaauramant, lava ling 
refraction, Paladaloi 
J, iiOopliva. bar*,. Earth, Paper 3S0162 

1930 Hlgh-order hormonlcs of iho gravlly poienlltl field 
and lore] gravlly anomalies 

A COMPARISON OF BATELUTt DOPPLER AMD OR A VI- 
MLTRtC GKOID UNDULATIONS CONSIDERINO TERRAIN 
CORRECTED OHAV1TV DATA 

R.H. Kapp (Doparlmenl of Qoodotlc Sctance and Survey- 
ing, IBS* Nell Avenue, Columbia, Ohio 43210). C. 
VflchtanchaToan 

Ooold undulailoni from aetolllle Doppler stetloni have 
boon compared lo geold uDdulailou compulod uilng three 
procedure*. The flral procedure combine* polenllel coo((l- 
olcnUwHh uncorrocled l**!* free air anomelles In a ID* 
cep surrounding tho compuloilon poinl. The second procodwe 
utoa ihe Kelmorl second c-ondenaallon preceduro for anomaly 
reduction whore torreln correeilona and lopographlc Indlreoi 
offecu sro considered, Tha third procedure uses a ael of 
potential coefficients lo degree I BO. After correcting the 
original Popplor undulation fw ■ -Orippm BCele Change, 
and e 4 meter Z-axfs Uaa, co reper lions wore made al Ion 
alto* located In mounlalnott* a reel of Ibe western United 
Slates, end ion Stlo* In ihe ewlarn United JM ale* where 
Ibe topography we* relatively lUi. The mean dlffarenre 
(Doppler minus gravimetric) for the ten weetem nation* 
wee 1.88 m when no correeilona ware applted to IhB grevtty 
due while the difference w** reduced lo 9.10 m wheB the 
terrain correeilona end Indtfeol efforts ware Included. For 
the ten eastern elation, ibe nwlemilh : dlfforonc* texclud- 
liw negligible terrain offecWi we* 0.43 n>. Per mwlem 
alls* the standard dovtaiton of the differences we* iO.M si 
(wllh no gravlly corrrecllona) snd *0.13 m with the correction 
■rolled. In Dio eastern tiles the standard deviation wet 
10 .BS m. similar resulia wore found wllh ihe potential cosffl- 
donie to dagroa 180. Our major conclusion It fhet Iho nqjlecj 
of terrain correction*, end to e leaser extent lha 
orfoct, can cause *yateiBel1c errors on Ihs order of 
(rw e cep also of ID") in geold undulations for Hollow In 
mountalnoua area*. 

J. Oeophva. R**., E#rtl|, Paper 3B1794 . 

1935 Lw-nrder harmonics of the gravity potsnllal 

POSTGLACIAL REBOUND •’ OBSERVED B USB N® W 
EFFECT Itt VISCOSirr OF THE U»* ««* 

D.P, Rtibl ncera (GeodynaiitcS Branch, ^ode 92). »» 
Goddard Space Flight Center. “ »!”> 

Pottglaclel rahwnd appiari to tart ta'A 
Bi-gyiUttonilly by Lha LagrtK tete Htta . Slaty four 
ObwrviUoiw ?f the orbital node made pwr * Mv* 
year tlw J*tarv*l rtsrt> y 

i at x 10 "® arciBcondt day * due CP'* *P“.r*R , :* 

nit oresently Modeled In the OEOOfK orbit detarelna- 

■Sf^is^sWp-mSr: 

■ . efroctle*' vised* (ri . * 




tht rl Cacti ve vlscoilty nay hivo permitted several 
degrees of polar win, nr duo to g loci Ulan durlna 
tho Quaternary Ice Age. 

J. Caophya, Ken., Earth, Papor 1BIM7 

Geomagnetism and 
Paleomagnetism 

709 'tom-ml (atrecturel Vorlntlonn) 

m in - in tlar cidowidc p. -rAfivs m tux 
Cinnwi. COLUHBIA PLATTJP 1 , VAllHUPJTOZ 
a. T. hel.t-.J (R.-?kvoll li.lornailviiul , RlchlnnJ, 
X.\rhlivgir. n , -rtV'-'l, T. 9. SOvtt, It. P. hMM, U- «. 

Crosa, oml B. l-l:k 

Tho I :r.:.n» (low (1/ sybpl yf th« f'l-rtls Riser 
EuienlL dr ..up woo »oc[Hl f-.r | alv.-x-npnu' l« onolyalo 
oi 3.' alien In the lalloa Pvt I t>i< r-T the -.-vulrai 
ColuBMo Pls'.vau u. assess the tntlvrn jf JeForRAllc-n. 
Field dlractlwnd rrc-i Anticlinal rl lpoj oro fvuM to 
l« re'aial clvcKulau rriatlvc in aiton frr-s synclinal 
'iron*. Two /^-.-praphl ? pollarna '.f rmt'lon mrv | res- 


ent- Thv |.rjcnr* totlero la om I n which thr (rfslcst 
ac.nct or rotation occur a Id the on; nt -hinge area :f 
iriv iiTitlciin-a nod dreroasos Int-j uyr.cl Inca. A Jeotci- 
•lury put tern In wr.lcn tl.u nrount uf rot alien la c-jo- 
■ luicrit within u consul rlc argr.-i.t. Lit varies uro-rs 
then, 1* Buiartopyial in the T-rlvsiry psltsra. Too 
[.nltern of cl'-rhul.-io rotuilcn Is I i.t i-rl-rc-lo.l tv bo 
the rvj-.l t .--f l.itsl twciciilc ram'-li-n c tour ring ol^n,: 
a clujely Bji. ui n >rih-r..'.rt>.w«*t I iron, Ling primary 

pyilt.n nn-l r.. rtlisjn'.-u ar.ll iy r ; u- crrilury iluc-ar 
Tho 1 'r.nar "yal.'-n .t,.i e incur rent rot*tl.-ti are 
lhtar|.Z M tv i i>. hn«o d.-vvt.-icl .luring ih«- itrcth rf 
tha Tnblrs f..;.l,'. ?lir r->li.tl..iiSnl|. Urturtn ll..- 
n-iOiat < Thl.. -ini th.- A--.-1 .^lo alrac-turc- J cm. b»- iui-J 
to ■-.-noirnlr- tnl- nlr r >l-iu f (hr Colur-tlu rimsnnu. 
Ir.» .Into r»i -Mai Ir. tl.lr. jt-i-ly Inllrtiv tliw cu-.b- 
wl.v rrt ..t It. .on r.-l to uttiTbil-il t . rlrl l buck or 
nierrplxta r .’ it l.-u, tut i>i| i-»ri r- 1 .- 1 -. th.t i-mllc*. 

I ,.nl lfv.l .ti-trnl ahrnr. litf-tnorr-.i-*.. It lc 
lst.l ihs. tr,la EVCh-inlu-1 ny. In rtrt. Cvn.rllitn A.> 
clnhpvlv" rnuul.n ..banreot ir. ntboi- ptr'.a r.l - th.. 
Vn'vrs bill'd (ii -vutr.o v.itv. tv:., 

»,kln.i Full full). 

Tc. tunica, 1'ap. T III 0)1 
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CONTESTS 


<30 years o! the USSR and Soviet nct-niioli-cy 

Physics of the sea 
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23 SS Gsonagnotlxu and. PsleaasgnaLlta (Decani) 
JALBHAOBETIC RESULTS TWH THE CUTML STEP, BA KIPMJAl 
CONSTRAINTS m> RECOHSTRICTIOIfS OF THE WESTERS UNITEP 
STATES 

lash 6 . Fral (Dapt. of Caaphyslea, Stanford University, 
Stanford, CA 94 1Q5) , Imi R. KsglU and Allan Co* 
Faleougnatic Manila Inn thraa plutwun of tba 
control Siarra Nevada Halt tha notion of tho Sierra 
Bavada ralatlva to tha North Aaer lean era ton to S B *tr 
or polavatd motion and 7*11" of eloekwlao rotation 
alnce about 90 Ha. Tha Indicated rotation and trans- 
lation ara not significant at tha SIX confldanca level . 
A new tac conic nodal la presented that la ccnaisicnt 
with all aval labia pal-acusgnatlc data Proa the Siarra 
Nevada, Or eat Vat lay, Klatucba, Oregon Coast Beago. 
Cascades and vaatarn Bavada. Tha paltagengtaphic 
reconstructions of this code I daaocUto tha dtsplsc*- 
■ant af msjrr cnialtl blacks with Be sin and Hangs 
ax tana I on a tart lop at about 30 Ha. Thta nodal accouoLa 
for about 13° of tUckWlaa total loo or tha t Isaathe 
and aeutbsm Caacadta, about 3° of clockwise [oration 
of tha Siarra Bavada and Croat Valley, and 16° of 
clsckvlea rotation of lha Oregon Cogic Bang# a Inc a 3D 


Ha. Tbi nodal la canalatant with 40 of clockwise 
rotation of tha Dragon Coaat Range before 30 Ha, aa 
proposed by ftagill and Co* [19801, The ancient of 
Basin and Sang* mansion Is tMa nodal at latitude 
4L N if 223 Is directed E-U and at latitude U S fa 
243 ka directed Waw-EHE. 

Tectonics, Paper 3IIB90 


near Vintage, HathlnglM, to Portland, Oregon, e dis- 
tance of epproulwteiy 300 Ha, Tha avaraga g*lw- 
nagnatlc direction rar ilx or tfieia iltci, centered 
d round Vantage ia 0 * |dr. ] ■ 41’, a >4.5. Tha 
opacted Hloctnn field direction li D * lif, ] < 65*. At 
Buxe local 1 tl as there enlits two dlitlnct Ginkgo Flowi, 
fn direct »tr*tlgnphle success (on. with statistically 
Identical anooiloui dlraetlons. Their anasalous pilca- 
■agnetle direction oakes theta flaws a valuable marker 
horizon In the ColuAfa River Basalt Sretp. The non. 
dipole field direct Ion oT the Ginkgo flews correlates 
well with available results fro* the Miocene cape 
Foulweither Basalts of Oregon. This correlation 
strongly supports the hypothesis that those coastal 
baselti of Oregon are the distal andi of Colinbla 
Plateau derived basalt flows. Tho ipitfal distribution 
of thiM anomalous field directions suggests about 14 or 
clockrlie rotation between Vantage and Portland. 

C cabining these data with data fros the Oregon Coast 
basalts allows a mat Ini* declination dirrerence of about 
15. The Increase (n declination can be bast explained 
by clockwise rotation, about noarby vertical axes. In. 
creasing to the southwest across the Geluobta PUteau 
and Oregon coast- 
ToctonitH, Paper 3T1M1 


Hydrology 


3160 Runoff and St ratal low 
KOORr.Ctn UP IDLY VAJUID PLOW Iff TAILVATER3 
Michael C. Patrick (DM fold Raglans bt lurch sod 
Engineering Laboratocy, Huionr, KR, 017331, Jon titan 
BUoaa Mid Saw E. Loup 

Fuk power generation with hydropower creates flow 
coodlciens in tailuaLer rivare chiracCerlaad bv high 
«/>d law flan and abrupt transitions. an understanding 
of Ilia diwutrasn propagation of tha iharp-Frontad. 
larga-aaplltuda uavwa of relatively abort parted that 
are ereecad la laapo riant for deacrlbleg rapldl* varvlng 
flowa in ra Hue cora or hvdroalactrlc planta and 
rollowlag the breach ol a daa. Wo Java loped a micsrl- 
cal nodal of Khuao vavoa hr flrat Identifying tha 
prtnary physical process** and than parfomlng an 
aoalyila of the aalutloe tachnlqu*. A linear aaalyala 
of tha dynaai c span ebienal flow aquation* provldaa 
relotlunahlpa describing flow wave advactXaa, diffusion 
■ml diaper a Lon in rlvera. A ona-diusnalonsl diffusion 
wave nodal aadlfled rar applLcatlon to MU mat era, 
a Inula tea the taper taut physical pxocraiaa, and la 
acralghtfonurd CO apply. Tha 'xodlfM .qua Lieu' and 
von Kauoann analyaaa provide I might Jaco the aT tacts 
of nuMtleal paraoatara e. A* and At upas stability and 
dlsaSpatlra and dlaparllva bahovlor ol iha aoluclon, 
but tho Hire analysis la found to ylald Incorrect phasa 
ralaclooiblp*. Tha capability sod accuracy of tha 
nodal ora enhanced whan physical diffusion of a rtvar 
u»*> U hat anted by mnsTtaat diffusion la the nodal . 
KslDtalalog tho diffusion balance requires that the 
Parana tat S ba vat labia and In sob a Initsncae uaga- 
tlva. Field studies vara conducted In two gristly 
different ULLvataca to rami our wdamandlng o! 
largo -seal a, rapidly varying I tow wavai. Tbs accucati 
■ luulatlaa of waves having wide ranging npllaudaa, 
•hopes, periods and base Home artasts to tta soundness 
of both the physical basis ol tha nodal and the numeri- 
cal soUtl on technique. Thus studies rs.es l Shat 
diffusion of sbnrt'psrlod wavai In natural, (rts- 
f lowing rlvera la algnlfleant, and that leartla ts 
negUflMs. (Alvar flaw vtvaa , hydropower peaking, 
diffusion wave nodal I. 


Wstar tasewr, Has. , Paper 1PI797 


11*0 Water Quality 

ACID «ra PRAIMACe PAOH EECLAIHEn MAI.-ETRIPJtl«ESi II. 
SI WLATU7N RESULTS Or WDI1 

D. B. Jsynse fUSOA/AAS. U. 9 . Water Ctrasarvetton 
Laboratory, kill Cast Broadway. Phoenix, AZ 83040), B. 
S. Pin Die, and A. 3- lagovsht 

Acid olu drainage fraa racial uad caal-itrlpaloae it 
1 Inula ted by uss of a cooprebenelva ndel described In 
as earlliT paper. Tha alaulatsd corxsnumt Iona of kwy 
coopooenia are vail within tha rangei of Biasured 
value* rroa reetalood clnse. In systeua without Iroo- 
oiidliieg bacteria, eba alaulatloaa ladlcate chat 
osygan Is lha only leportant owldleat ol pyrlt*. tha 
oxidation of Farrooi to rerrlc Iron by purely chealcal 
naans Is too slow to affect tha overall oxidation rata 
of pyrtte and Is not Important In than rystane. For 
the typical physical paraaotexe oaad hero, tha 
diffusion rata of oxygen In tho priasry factor 
controlling the rata of pyylts oxidation. Tbe pyrlts 
oxidation rate la decreased by dscTsmd alt-flllsd 
porosity, Incrsasod tortuosity of the oxygap diffusion 
pxth, iBttaaiod alia ol tbs spoil frsgsants, and hy 
buryisg the pyrltlc astarlsl at deeper depths. Vhsie 
oxygen rsiupply la sot Uniting, tbs result . indicate 
that Irtic-dsldlslng hactnrls enn greatly fperaoie tha 
xata of pyclte stldatlei, Uhsthsr or not Vseterla era 
lopnrtsnt It theeo souse depends primarily 4n the pH of 
the spot I Solution, In the opt Ins I (8 rings, lotweso 
rsdurad bjcterlol afMrlarty end radecsd ferric Iroo 
■nlublllty fZ.n ( |« < 3 . 0 >, the pyrlts oaldatloo t«to 
la arcelsritsd hy bactertslly produced ferric Iron. 
The esteni cod typo of rhealcsl reset lose batman ll^, 
piedured by pyrtte oildntlm, and the spall nstrlx, 
appears 10 ba crucial In aitahllshlng (ba pH of tha 
■pell solution, (Fyrlin, atrlpdlnoa. Ttlohaelllua 
Forrooxldgna. Bodollng). — — — 


Mater Rnainir. Paper 3UI774 
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JMO Boundary Lsyar Dtruelurea and Frecttaaa 
SEA'BRE BEE-LIKE H 1 WH At » OSS THE HD«H BALL OF THE 
CUIF MAE AMI AM AHALVTICA 1 MODEL 

B. A. Bsu (Coastal Studies lost 1 tuts, Louisiana State 
Vnlvsrsiiy, Baton Aaugi, Lsuislans 70801 ) 

fet'britii'llki winds bsws bean obssnad on tha 
"■rmr aids of tha Cull Strsan whan lyncpllc-aeale 
uieds blew from cool thtlf water toward a vane water 
■oafscs l lwn at ii-. mi). It l» shown that a 

that ns I ly driyan analytical mods I can axplsfo 
■BEtafactDrily tha incrssaa In wind apaad trea Uis 
eold to tbs virMr wsler aids as rosultlng from hnrl- 
■orttal tewparatutm ftcadtaaL serosa Uu Cull S tv aim. 

J, Cecpliya, Pe»,, ocasna, FspSr -3C1B9H n/jg 


I7W' InatruwitB Idgraa Son-la) 
tub vmtfiDKrr RKEPonac w am BucnbcvExiUi. azzm 
COKJE AMD ITJ APPLICATION TO THE ftfOtR-DLWIOfl OF 
B.VW FR3MICI : 

O. !*■ Hoar, 8 . Hilcafpx IRcnlnklliH ! Mate*rolos 1 ach 
Tnagltuut, Unglnwi, ». Bsuaonls, Belgian . . 

.Ib* /svyiancy respajlBS of the cmblnal aahaor and di- 
xaatiltno aystsa cfsn else tree*; ami cal opoce sonde hu 
haeo «slwrsdnad by- lapsnslei a; digital Fteler analyses 
tta maqutod (taquency taxpana* cob Ud lapraMntid by a 
CLur cedar pr^ma and 'a Jlffumlpli proceak'm uriax 


It u>* won &rvno ror-conCratlor. at me input li wnlc-i a 
certain leva!, s fraction uf ih« Oionm ,-scacs UMiW» 
in s-Ultlenai Jif fusion ntocsee. me vsrlalton vl th*: 
fsviuency xuafcrse ms a fur.ee I rn ol tl.o ablution 
torperar.ira ar.d tho tach-jround crcno lev’l wse 
jnutUiud fm «tie sxiujaa ■<( intatwst. A itilil«My 
Phywlcal tntorpretatl’-n tar tr-o behaviour ol tr,a 
ftwiunnc/ rufwtl Is rjlvnn. If ths frt-lvonr/ letiunce 
of tho sensor Is knemit, ihc ■■rv'.o seun-lir.-ja ray to 
curpor.satiid tar U t-y doc.-r.vol utlon 1 thin rs*ult» In •» 
highly IfpiMPl corswn|-vn-lonco botwssn awcout sr.l 
doscant profiles. (Prstuai.cy rcsr-rr.xa. da«iivr.iu«lo.i 
n( or-rnu profllnal . 

i, ilrnphya. pcs., Arr.<*. , Payor 1 DIS 29 


2599 CecnngDsrlaB cod Fa Isoms gnat I is 
PALEMUGUETIC EVIDENCt FOR 5 RATI ALLY DISTRIBUTED P0ST- 
NIOCEIK BDTATI0H OF HSTEPh HASHINGIDH AND OREOOM. 
U.S.A. 

Steven D. Short fr (Depirtnenl of Geology, University af 
HunUM, HIsiouIb, Han tins, 59B12) 

Anongfous psfeimignetic direct lorn base baen deter- 
■tlflod (or IT gfLes (n ih* Fmeftum Spring 3 Kesbar ef 
the Wanapun Basil t Forojtlon, Colinbli River BjijIc 
G roup, These ittsi ere located In the Ginkgo Fieri from 


JJ-Sb r-ecersl 

RADIATIVE HEATHS RATES HEAR THE STRATOSPHERIC Ft'l/HIAfN 
G. ItaiL Dchorty, 1 st Isold k. Hawaii (34-1522, tapsttmeni 
of Earth, AtBoapberlr and PlannMry 5cluncca, 11.1.1., 
Cambridge, HoaaKhusstts, Oil 19 J and Edwin F. Oanlslion 
Pad let I va healing rates are cosputad lor vuilnua wale 
ol cMVtlllona theught Vo ba appropriate tv the etraco- 
spherlc fountain rag Ion: with and without a layer of 
cirrus cloud between 100 and 150 nb| with standard 
oiona sod with dec ram ad jsobb In tha lower sirato- 
epliara, again with and without tha cirrus cloud; and 
with different taaparsturea In tlui trapopauaa cap Ion. 

The praaenca of the cloud dtcraaaad tha radiative 
cooling above it In the lower airatospherS* Tha cloud 
le healed at the base and cooled at tha top aaJ thus 
ridlstlvoly dastabllLwdl ovarall It gains energy by 
radiation, pec teasing osoaa above tha cloud also leadn 
to cool che lower stratosphere. Tbs not affect Is ■ 
teiideccy lor verutsl coavargaaco and ho rl rental diver- 
gence in tba cloud rsgten. High issolurion profiles 
ol tmparature, otoos end cloudiness within chs faus- 
isln isglon sts requltsd (n order to aesosa the linsl 
bo lines af the various procaaaas, 

J. Ceophvs, Rea., Ataoa., Paper 3D1810 11/29 


Mineralogy, Petrology, 
and Crystal Chemistry 


4JfO Parogenesls, pstrcgrspby. and patrogacials 
OMItf OF SPIREL-BICH CMVDBQLB9 1VD UCLUSlOU IN 
CAIE0NICE0D8 ARD 0RDIMR CUOMHUTIS 
A. a, garotekt (aaltbaenlsn tatrophyslosl gburvalorp. 
Ceabpldgs, KssssahasaLti, D2I1II sad B. Psglay, dp. 

Our arslnatlon of thrts nodal s of tba origin of 
apinal-rleb c bond rules and Inclusions iuludas new 
osloulatloDs of ths osjor-alsaonl refraciory Ussrsi 
oandsuatlon aequtnoa fra* ■ gas of solar oANposItloa 
ovar a aids prosaura Interval. Our ootidensstloa cal- 
culi tlone show that splsel-rloh ohendrolaa did not 
crystal His from Mtsslsbls liquid coed on sates, and 
that spiMl-riob loolsalcns ara not sggragatoc of rr- 
rrsetorp cebolar eondanutsa. Vs proposs that sptoal- 
rloh objeois are frsotlaulsd distillation raaidoss of 
■Mil aggregaLsa or prlmltlva dust that lost Ca.BI- 
rlcb partial aolta by STiporstloo, ablation, or 
spill bind durlog ool 11 a loos. This aodsl also axplaLss 
why apiosl-riob oboodnilss and Inaluslonsi ( 1 ) srs 
usually sasllsr thin ssllllla-Tloh shandrulaa sod In- 
oluiionss in oft.ee have highly fraeitoMkad Lrtoa- 
slcatot MapoalblOMi sod 131 usually do not OooUtn 
Ptuslai nugget « seen when they ara sore snrlohod In 
ths Pt-group natal e thin suggot-basrlog aalll Uo-rlok 
ob 1*1 u. (Ca.AL-rUh Loalusloos, aaadahsstton, htbo- 
nlts, sptMl chotui rules). 


i. Grophya. Rea., Earth, Paper 3B50*7 


1770 Fx ope ct laa of itinerate 

VttDTlTE IfSj.jO) ■ A MVTW OF ITS DEPICT BTlUlO- 

niu add mopnntt 

ttbset K. Hatan 10 aoph#*lo»l Laboratory, Carnegie 
institution of Hashing ton, Mashln-itm, D.C., 

M 10 II and Raymond Jnnla 
Muatlts ia ■ ooxfiln non to loh loam trie ax Ida 
at iron with the gsnarsl itcuclural Cocmila 




tAere a. 04 • x * 0.11 and J.O * la • tl A < 4 .a. 
IMSbltea or a given holh ccepoaltton exist lo ■ 
variety of atruotuM typos cb.ireo tarl-nd tr- jlf- 
fexlnj ratios of oocahmiril to tatrabedrsl rer- 
rld iron and by dlfEerin, degrees of long- and 
short-rangi cider ol oluetared detaou. in ad- 
d It Ion, neat, IE not sit, wQstttae have exsolved 
magnetite 0 T Iren UaelUe on tha eonle or aav- 
aral tens of unit oalls. though wDetlta ia oom- 
poaltloesUp VntarmedUta batmen pure TtO end 
magnetite, wDetlta Is net etruotu telly intacaad- 
tsts and thee dome not represent ■ solid solu- 
tion botnets ths two stol eh ions trio iron csttdsa- 
vbyeLcal proportles of ittulte, lnoludtng eatton 
dlffualoe, aleotrlosl conductivity, and aagnatlo 
pyopert lea, are dependant on defect structure 
typa and « solution, as well as dagres of nonste- 
lohloantry . SlapU Unset tslatlonsblps hebwten 
atolohioaetry and molar volant or between elol- 
ohlnmetry end bulk nodulue, for exanpla, do not 
obtain. Experimental studios on wUstlta should 
include deta on condlttona ol oynthaala, as well 
•a detail* on tha atruotuxal state before and 
SfS&L super laants. IHQetite, defect strua- 
turss, none lolahloM try, iron ax Ids, balk mod- 
ulus). 


Rav. Caopby*. Rpmca Phyi., Paper 1U7I5 
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4770 Turbulence 

GIIEETLIKg PLUHIS MEM A HUTU DOTTCH PLATE Af LARGE 
BAVUiai Hl**ER 

K ; *MMH of Civil Engineering, Untvaralty 
of Tckyn, Hongo 7-3-1, Sonkyo-ku. Tokyo, Jermn, 111). 

T. Aeaetle 

FuodsaenwL mchaniaua cT sheet like plims generated 
cn a heated totton plate have bean studied saperimatal- 
ly. tto rang* of the flux Rayleigh lumber was bettaso 
10 end 10 . Him PrsndU number was between 6.0 and 
B. 7. The vsluee ol aepeeb ratio mte 3 to 50. A plan 
or eheetlua pluaos adjacent lo tha bottai plate takes 
* polygmei pmltaxn, end then sheetUka pluae ■ ara 
■taxed bursting lines In . this paper. The average leibm 
of Ota aide of these butatlng line, la aepresaed .. J 
Sol* (inetion or riiuf Rayleigh noober Bar Wheo the 
lastgth La ondltasaluAallxed by tlvH4 depth. It 1, 


--- _ _ UJ V omul. 1 C 11 

confirmed that riibptllkd plumes ootelst pi a set of 
thermal m thst mym reptatadly dtaohsnjed ^ciw fandtl » . 
II nee and that essentially show a aWohaduo nature 

* 5 °* ■ Woioeuoplo point of view, -it U also ehown 
that tha nctl dimensional rrequenay of tha prodhobUn of 
. tap ns Is 1 . proportion!. t 0 f»f, and tha dlmanaltadlaia 
Airatioi ia inversely proper tlxxi si to tha squsra root 
Of istorvalb of tbanala iirth* 

th * “ chtt,Ua °E »• grniotmtltxr of 
o»«*tag*4 shdar tap mtlstsoco hf - 
» ^tae»7«el*X», (targe Rayleigh ftatar.-. HUSet) Up 

plehm-, tpuet-stsady ccnreoUtn) . • I : ' • • 

'.It (TMfltbtd .Pda * Adkrnm^ O _ gsiea As 


W**, fom-ttMAy cenytbUtfiK • | : 
j; Ceopbye, Res, , ‘ OCbsoi. Paper J0I6f4 

• ’ i ' . • • , • ■ i. \ ? ; 


4739 Oners I 

oxmerm ihahrpoat op miss wtu riiw w aiM98* 
fFMAPROSTl BE3ULTS OP HLWEMCAL JIKdLATIONS 
1. V, Set ft (Gecphyelctl Inscltiita, University of 
Alaska, Fairbanks, Alaska, 997<J1) and Wtlllem D. 
Bare lean 

A t uo- J Inane lo as 1 riuncrlcal slsulaclan li ueed to 
Invest Igata the circulation of brine In the thawed 
porous NoLtou aeJlnents which overly ice-bearing 
perosftoat on che continental (half of the Arctic 
Ocean. Tlie brlno notion la aeeueed to be governed by 
Darcy's Law and te affective (n transporting salt to 
the leu-bearing sad lee nt a and therefore effective la 
dereralntng their thaw rate. Tho simulation! ara 
Ini ilite-1 by eaiuelug that tha Initial brine concen- 
tration In the theued sediments match the sversgn 

annual ai Unity of ths ovmrlylng ess water, A 
diffusive layer along ths phase boundary develop* nc 
the base of the thawed sad taunts and th tokens to tha 

point where It bscoeee convert Ively unstable. The 

■yetea U tallowed in ties to observe the davelapaont 
of « (table couvectlve flow pattern. Simulations wars 
run » Rayleigh mnhsre Of 1750 »nd 17,300. In the 
1750 Rayleigh number run ths boundary layer am) con- 
vective pluses bed characteristic thlckoesaai of about 
two estate in s 20 ■ chlok thaw layer, Ths high 
Rayleigh number cun had thlchneseea of only t few 

tenths af ■ xetsr. The high Rayleigh number run is 
oore tons! stent with tha observations, but tha results 
era it sufficient variance with the observations to 
suggest therm Is loaa noe yet (dent I find process 
affecting the transport of brine to the phase bound- 
ary. (Subsea parnefrosc, brine conviction, Arctic 
continental shall), 

J. Csophys, Res,, Ocsaoa, Paper JCld09 


THE HYDKKEH-ttrtAHftW KRhQUEHCY !H THE aDAQSa, 
ACCELUATIOH RTfilOH l “ S * L 

R. Elngh (Center fur Altsoapber( G „j r 

Utah State Unlvorelty, Lugen. Utah gA 3 "i d „ 1 

SchunV find J. R. Conrad 1 1 "* 


A oachanleo le auggwalu.l (or the „ r 

oloct ruatur lr lun-cyc lot ron u»os at rrouLsnci.. 
bolow rl.e l..n-cyc lot ron fr* 4 uon. : y In tho c 1 d,!!r . 
eurotnl ac.clersilen region, which i B assum ed lr 
elec of downward moving double Uyate Thi v 
Involve* upward flowing lone Iciuroet leg with 
ward r lowing background plasma. Tho upward fluwtT^ 
Ions are the loo beams net el orated by the duobl. 
er. Ths downward notion of the background tUtU*" 
corresponds to a plasma expansion Into the LJt, 
cavity that develops in connection with doubUlIL 
taros Mon In the accalurallon region The (an ^* f 
cyclotron w.voe excited by the countatetrtanm j 
are dcppLur shined to freguontle. below the 
or the ion cyclotron frequency. It le suggestlTS? 
such wavo emissions could account for bobs rerT 
narrow-bandod wavoe ot r redone les bo low ths h, ira . ( . 
cyclotron Trognoncy that were obsorvod by the si 1 
■ateUito. 


J. Gouphyn. Ron., Gpnc-o, Paper 1A1B4I 
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3133 Interactions hatweon waves end particles 
ELtCIMSTATIC HYWOCtH -CYCLtflROH WAVE EHISSIOU SELOU 


3399 Goncral (lonauphwro Hod! Meat Ion) 

The HF-INDULRD PLA3HA l- 1 HE BELOW HKSSU) 

J. A. Fujur (Areciho Ubaurvalory, F. O. Box 991 
Arecibw, Puerto Rico 006)1) end H. Bultat 
Ohservatlone at Arwclbo of the HP-Induced 
plasma lino tar tow p.jvexs of tho HP molKvln 
transmitter are described and Inistpraead. Tbs 
observed spectre were centorad on tho radar 
frequency ninue tha HR noJlfylng frequency, and 
had tho xanv Bhapo and width sb the loa Uns o( 
incoherent bncbscscter. The importance of the 
stand Ing-wnw nature of the RF puap wave for such 
ebearvat Ions Is etceasod. 1 tonoaphorlc Dodtflcit- 


lons, pIsbxa line unoects bolow threihold). 
Rad, del.. Paper 331813 


Geophysical Research Letters 


VolumalO Number 12 Daocmbar 1913 


Efftd at the a-p Quail! Traiullton on (he Creep Properties oT QunrUlte and Qraniie (Paper 3L1588) 

, , „ . „ . John T. Rost, Stephen J. Bauer, and Neville L. Carter 

Archcan Komatliiei and Geotherms: Soluuon to an Apparent Coniredlction i Paper 3L1724) 

The Ociober 1980 Earthquake Sequence Near the New Hebrides (Paper 3LI226I Gj ° ^ ,<W1 H - CuwphsB 

Fktdi Wane Solutions Tor Microeanhquahei Induced si tha Fenlon Hill Hoi Dry Rock ^co^enmi 1 ^^bnnl^Uo<M >rf 
for ihe State oT Slreu Near a Quaiemary Volcanic Center i Paper JLl.Wj 


, Dan Cash. E. t. Honwth. Itans Ncppler.CliHs rearson. and SuiiH SasaU 

On the Effect of P-S Coupling on lha Apparent Allenuaiioo of Elastic Wuvei in Rondumly Layeied 
Media (Paper 3LIM|> 

An ApgcaUoOgOl Ra^ The ary to ihe Propagmion of Waves Along n Lalerally Hrierogeneoui Spherical WIUinm 1115 

, A'. Jobert and G. Jobert 1141 

Cunent Channelling, the Consequences Tor Elecliomsgnelic Soundings (Paper 3LI&58) 

Production of N(trou3 Oxide and CoiHUmpilon of Mclhnnc by Fureil Soils (Paper 31.1723) Oatton Fischer II.. 

_ , , ,, -W. Keller. T. J. Goreau. S. C. «'.</«>■ . H'. A. Kaplan, and M. B htcttrjy life 

Nuraie Plus Nflrfie Concen Italians in a Himalayan Ice Core (Paper 31.1030) 

_ _ „ „ , Win. Ben\ Lyons and Paul .4. StmniU lltfl 

The Falloui Rale of PB-210 on Ihe Western Coasi of ihe United Stales i Paper 3 L 162 1 1 

Christopher Fuller and /VviWoi £. HamuronJ HM 

Anomalous Neon-Helium Ratios In Ihe Arctic Ocean (Paper JLI369I 

. 'lajct Top. W. 8. Clarke, tinj R M. Mivr Hb* 

SyDlhcilc Apcnure Radar Observation of Ocean Roughness From Rolls in an Unstable Murine Boundary 
Uyer (Paper 3LI30I) 

„ _ r. IV. lhompton. H . T. Liu. and I), t. Ueissnun III- 

A Rapidly Travelling Planetary-Scale Insiebilliy in ihe Atmosphere iPupet 31.1328) 

Qloba] Dtiiribullcns of Cirrus Clouds Determined 1‘tom Sage Dmu (Paper *1.15011 

, fierunl E. Wuodburv and M. A UtCaemkk llW 

Radiative Effects of Ihe Arctic Haze (Paper 3L1707) 

_ . Frariiiseu P.J. Valero. TIuutMs P. AcUrm. 111 , arid Warm J. y. Gore IlH 

Dependence of Rudlallve Properties of Arctic .Stratus Clouds on Cloud Mtcnnl met me (Paper 3Ll5ta) 

Sis hi; I tnr. A 'oV Javtiuwni. and Kami M-Kitory li» 

Lightning Meusuremcnts From the Pionaer Venus Orblter (Paper 31. 172*1 . 

F. L. Scarf.. tndC.T. «*« 

Ohservstions of the UV Spectrum of Satin From 3200A to 1 400 A With the IUI- t Paper *1 1 1 1*‘ J . , , l% 

, . , In,./, l/.hwr. fhrrrv E. lime, J. C , // I I mas. and 3/. Combes " 

On the Plstma Condlrioas at the Dsyside Mugneiopause of Saturn (Paper JI.I5«u L- . ivj) 

, L. J. Lrwteroitf. C. G. Moclriutnm. H. P. l.cpplng. and 5. At. NrMpt 

Anisotropies and Flows of Suprathcrmal Particles In the Distant Mugnciotull; ISILL3 Ohservslioas iPaper 3LI4IB) 

M „ M. Scholer, G. Gloeckler. D. Homa.lt. F. M. /p.iWWl, U. Alerter, .nrd I . » . Fan l.w 

Field-Aligned Ion Beams Upstream of the Earth’s Bow Shock: Evidence for a MugncUxhculh Source lP»P* r 

if. F. Thomsen, 1. T. Gosling, S. J. Bcune. C. Feldman. <1. Pauhnuinn. and N. Sckoflr 
A Deicrmlnalion of Ihe Charge Siaio of Energetic Mugneiosphcric Ions by the Obscrvuliun of Prill 

Echoes (Paper 3LI783) .. .yit 

J. B. Blake. J. F. Fennell, It. N. Baker. R. P. Mh»n. and P. R. K " 

Multiple Ion Streams in the Near Vicinity of ihe Space Shuttle (Paper 3LI623I , , _ .. «m 

N. H. Slone. V. Samir, K. tl. Weight. Jr.. P. /.. Hammer, and S. D- Shau hiia 
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Preface (Paper 3B 1735) 


William V. Boynton and Gerald Schubtrt 


Planetary Composition and Differentiation 

Mare Glasses Front Apollo 17: Constraints on the Moon's I 


Bulk Composition (Paper .1050 1 3) , „ „ , , j.i— 


bTM 3e* Ice 

SEA ICE STBUlTWE A HD BMLOCKAL ACTIVITf IH THE 
ANTARCTIC HAP-JIBAL ICR 205E 

D.B. C ImrkBi 3. F. Ackley, (U.8. Army ColB Regions 
Reoearrh anl Engineering tatoratory, Hannver,|(.H.Q3T53) 
lee corea oettlnsd qurlng October-Snventar 1981 
from Hedgell Sen pmek lee were analyred for physical, 
cbealral and biological jsrsMtovs. Frsrll lcm which 
In sesi-clsted with dynsalo, tureulent conditions 
In the water column prsdoulnstad (TOO. Both flee 
thickness snf as Unity Indicate Ice which It leas 
than cno year old. Uhealcal analyses, partlaulsrly 
v|*.h regard to the nulrlents, revealed « complex 
ptcLnxe, Plu»{ti*te vsluna are ec*ttar«4 relative 
tc the dilution curve. NITrmte and silicate values 
are lever than o/pected fria eimpLe scaling with 
salinity aaJ Rugflest dieKa erewth within the le*. 
Nitrite value* era higher lr the See tha* In adjacent 
voters. Frazil lee formation which pro he My concentrate* 
nlGnl tell* from the viler colum Into ice rioea 
results in higher Initial chlorophyll a concent rat line 
in the le* then tn adjacent waters, This cmctvanlcal 
concentration f* further enhanced ty autaequent re- 
rrodurtlon Witnin the lee. Ice core chlorophyll ranged 
from 0.09 to 3.8 ag/a- , ocojareblo to values previously 
retorted for Lhle area tut significantly lower than 
values for Antarctic coastal fbst loe. The doolnnsc* 
of rratll Ice In the Weddell la one Of the cajer 
dirrnreme* between tnts ire* und other*. Consequently 
v* bnllove that Ice structural conditions significantly 
influence *4* biological cocrurltios In the jce. 

T. rkrophva. Rea., ilcanna, FgMr 1 CI 764 


Lunar and Terraslrtal Crasi Formation (Paper 3U5023I PcifW Waver 

Imhj A. 

The Prlmlnav nf Uiuh.Ua mb— ih. r n. .l ii .. .. ... . . .1 „ nf the 


titemicai composiuon of iho Mnntre iPaper 3B50 19) Don L. Anderson 

^ 9&!S y r^ f JlS' M rlJ MkC iX l [S!l U ' e Bo * rlnolh Mountains, Montana: A Scorch (or Ihe Ihircm Magma of the 
SWlvrsiet Complex IPaper JB50S3) John l.onghl, Joseph /.. Wooden, and Karyn D. CoppM" 


Planetary Surfaces and Interiors 

A Proposed Origin for Palimpsests and Anomalous Pit Craters on Oanymede and Cnlllsto (Popor 3B5N7) , , R ^ 
Anf^*Ron!lrt n8 ^ Coro Formation (Poper 3B3I09) D. L. I nr cone and Steven H. EmenMtt 


L*VK^o^.!!li n8 Mechanlun for Coro Formation (Poper 3BJI09) D. L. htrcotie and Stesin H. Emerman 
" Uppw Bound on ,be fUd,us of 8 Highly Eieclricaliy Condbcllna Lunar Core (Paper 3B3II6) 

B. A. Hobbs. L. L. Hood, F. Herbert. andC. P. Sonrn 


Lunar Rocks 

Petrology of the Apollo II Highland Component (Paper 3B5022) 

rhrmU,™ r.s a v. 5 - Simon. J. J. Paplke, C. K. Shearer, andJ. C. 

ChemSsiry ol the Apollo )l Highland Component (Paper 3BJ029) Shearer 

^TREEp ra (Pap'r^JW9) r ’ Ch U ' bo,0^,e, ■ * Dlopside-beari^iSrtSui AnSSSlie,' ftrSmAnmihosite*. ^ 

Pieces rfSL'ijSsfT’,®’ T I a * ar ' K J?a s Ktil ' Qte SOty W. Kallemeyn. David N. Shlrlet, ««£/<*• 

Piecw of the Ancieni 1 Lunar Gwi: Agn aod Composiiion of Cbali In Cooiriium Drccda 679IJ J,PfWu, 
A. Marti. U. AeschUmann. p. Ebarhardt. J. Celts, N. OrOgler, D. T. dost. J. C. laAMft"*’ 

H. A. Schmitt, find G, J ■ 

Anckm Crasial Componetus (n Ihe Fra Mauro Brettias (Paper 3B50J4) ' . , r , aiJ 

John W. Shervals, Ltsvrenee A. Taybr. and J. C. 


Pieces of ihe Ancieni Lunar Cruse Ages and C 
K. Marti, V. AeschUmann 


Lunar Regollths „ 

ASwI2h U rnrrn™2?.w^ l", «Bi»l 8 ry RegoMliu (Paper 3BJ037) Dot*/ S. McKay and AbW W 

nSci« rP^ ta ^,i^ lppIosIly U « ht Ca,bon “d Nitrogen Oomponenis in Lunar Soils and fl200 

«Mn^S£* 3 ?22?_ - „ S J- Norris - p - *• Swan. LP. Wright. Af- M. Grady, and C. T.PIOW* flJ | 

ir rfi 0110 Co ^‘ 3BS028) K. NIshHvtml. M. T. Murrell, and A R- Arajw ^ 

Spectral Chemitiry of Gteen Glass-Btarwig 13«iRegoUlh (Paper 1B5018) Roger O. Burns and M, Darby Dfnr 


Meteorites and Tektltes 


Minarai Cbemlslry of Ihe SheigolUles. NakhiUes, Cha.slgny, Brachlita. PalJaslles and Urcilles (ftF er . Le , K k 

A New T,,. * N« . ‘ ^ 

Comparisan of “■ 


Co affi n (ppSmbm^i S 2S. „ Niprfl/ 


oririn. Tfcii .LmSP 0 "** 1 ,a C * °' Bnd 8 c ** QIU knoa: StraHariUes In Their Properties and 7/n h„ 

a ra lPa ^ r J 0 * 05 ?' Edward R. D. Scott tutd G. Jefftfi' 7n > ,w , • 

A Tbrec- Dimensional Sludy or Meul Grains In Cquillbnled, Ordinary Choodriles (Paper 3BJ01 , QoUste In 

H ftt)tt Ch ° ,U3ri,e BraCCj>: Imp,ical,dhS 

ln Nonamarctlc Chondrlle. gtgfcri . 
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ii i , ■ ,,u mJH. rTDUUCUOn - 1 

uJSSSSr a iFsper 383001 ) . , ' fr tfeipm om* F, 

Microtrghlities Recovered From a SedJmem Sample From ihe ZharoanthJn impaci Slrocnire (Paper 3 B.W 6 ) 

B. P. Glass, K. Fredrikssan, and P. V. Ftorensw 




^^^^^^^5039) ; ■ : r. L. Norris.A. J. Qancan, D. J. Rokan. aBdA.W.7Ao«<»i 

Apollo 14 Very Low Titanium, Otasaes: Melting Experiments In Iron-Ptattnum Alloy CagWtaa^I HLtmJslet ' tX 

"r ^ Stia ^‘ Ujn andliiiTWevanco ^^^^^j'.i/OoUsteh, > 
Morph otogy.and CSembuy of PrqjemOe Residue in Small ExperiiMataLImpocbCratara ' (Paper 3 B 504 d) _ “ - BJ 

Shock 'Experimenta on Peldu^r Cry stats 85 

l MwnuiRMiHd) tra-oi Itfilt.' and i mv TiwMMM*utr«f Preliminary - . 
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particles and Fields — 
Magnetosphere 

IHuMitc call) 

"JjUCI PDA PAEUCLE ACCILERATI0H PROCESSES IN THE 

rtfMHsi-f tanch-J netitui »Bt torennoU, 

Jljtll UiUaburg-Llndnu. H.-Cenwny) , u.P. Psvlo* and 

^LJIrialotr «f snargettc protons (E '50 k»V), slac- 

. ... JgXMtaT). »-pSTtUU* (6 rtt.W H*9) and 

v'kt-flirri* t*s l* H,?> ,n cha xSAnatotall 

JiJJ margttlc Particle Exp*rlxent (H0AA, Bouldsr) 
j rhe JWJ/APL Pro ton-EUcc ron Telaseop* on board tba 
. met vita (or Lha p*riod Hovenbur 21-26, 197J 

, uiri ro lovsiclgsts tbo part ids actalerutlnn pro- 

In th* uBgnstotnll. Evldanes (b prasnneud that 
ff* IlfBJ hasting proesss starts 20-30 sin hnfote 
‘ putUI* bursts, which augitssrs that most 

.mJhlv th* eirtlcls nnsrgl Ballon In this evant tnkie 

in two dlrfarant pb**B«: s> up to B - '50 kaV In 

u iwlstlM wirh th* pla*xa taatlnB pracoia ind 
t\ tnluilv* sec* I station In uxcai* of E ^1 HoV auergy. 
(Pirtlel* sctal#rs*Io"i xagnaiDtsM). 

1, Ctephy*. Am. i Space, Papsr JAlTAb 

JJoiS^srsmCTIlBE AND THE QUESTION OF PARTICLE 
ACCESSIBILITY 

EldM C. Uilppls, Jay 8 - Util and J. David Nichols, 
■Osier (nr Astrophysics tnd Space Sclsnea*, 
lalMtaltv or California, San Mego, Ln lolls, 

California, 97093 

pradaoi Vlasov thaorla* of tha plan* nagnstepausa 
ta>t |l*id«d noo-uniqus lolmlons bncauaa part (els 
distribution luocllona war* aaalgnsd nrbitraiLlv In 
dlffarsot roglooa or pliaar spaco, He show that conatd- 
■railon of panltl® acceeelhlllty rasovoa cIiIh no 8 - 
utlquanaa*. In s rsstrlctsd nodal consisting of a 
rclllilonlaaa. steady-state, plane «.<dal with no 
oonjl nagatl U (laid coapenect, particles ara trsppod 
il tbe oageatcpauBi. Tbsraforo ihosw reel r let tuns 
suit b* relassd In ordar lo sltiiw tar particle acCaix 
, M tt oatpittopaus* vtn drift* frox aourcu tag Iona, 
aa tint sdlabatlc Invariant tar psrtltla notion esa 
ba daHorii le such s way that Le Is presarved In 
rtfloaa of lirg* flail gradlrots, provided that the 
trtlleota srs In ■ dlractloo prlovarlly porpaiidlculsr 
to ih* pan Ida drllta. This ganarsllxsi Invariant 
pnytdea in adlibat Itally cossarvad quantity which esn 
i, cod ro cbaraccoriia psrticlss ** lhay K>v* rroa * 
•hire* rag ton, through tha drift region, and into tha 
u(nl(op*ii** Itislf, and therefore can ba used ro help 
rrtilva th* arcaaalbtl lty qualtlon. W a *how hr« to 
obtain xa#MtopsUM aLructura besad on location nl Lha 
iirllcla guiding points, ond glvs soem prellnlncry 
mull*. HbOSvsr, ■ complete solution will probably 
rtqjlra a t Ire-depcodsnt dolarnliiur ton af ths port let* 
drill paths, (Hagnetopausu, adiabatic lavarlantal. 

J. fevphye. Rea. , Space, Paper )AW°2 


5755 Flam lnsUfallltias 

Ucmv-CYCLOTKM HASB8 DUB BUM I RELATIVE GROWTH AND 

iarM urn fob Dimuar modes ramkwics 

t. I. Hal roan (School of Riyslcs, University of Sydney. 
Splnay, NSW, 7006, Australia), R. G. Hewitt* (DapsrL- 
■u«( Aacro-Cwphyalc*, University of Colorado, 
bdtai, Colorado , 80309) and O, k. 0uLk + (DLvUlon ol 
bdlofbpilci, CAIRO, P.O. Box 78, Ipplng, NSW, 2121, 

Antral la) 

Ifo growth raraa for cyclotron xsssr anltalon of th* 
t, a tad * an das at lha lowut hsiaonlcs srs compsr«d 
Iks loss ion* distribution. Ths doalnsnl xods is tha 
laliMBtil x soda Cor up/fl* < O.l, tha ■ node (or per- 
bape |ha fundsxentsl a node; for 0.3 < u-Afa 1 1 - 0 . snd 
it* i led* (or perhspe cha aocond her eonle x xodsl fur 
1.0 < ifc/R, • I .A, Both ounarlcsl and anelyLlc cSlcul- 
tilaialar cyclotron damping ralovsnt to nsaer aelaelnn 
■bv li) Ibec iha uffuct le Important only whan tha ratio 
61 tba xa enurglo* of tba tharaol and naeor xnlttlug 
•Iwlloi acaada O.l to 0 . 2 , and lb) that bobu earlier 
taiUM anriat Lucid lhle damping. Tbaae Ideas srs 
applfotian, snd ths suggest lone see tada (■) that an 
may arias from partial reflection, and 
ill tUr i iscofid harmonic cuiponehi con b» pruOubOd 1 / 

i '~|WiH .ii T 

lb lm (rot, i School ot Pbyslcm, Unlvorslty or Sydney, 
4tar, ESN, 2006. Australia. 

*41 Ml Dapsrresnl of Aatro-uocphyslca, Unlvorslty of 
blonlo, Souldar, Colorado . 80309, U.9.A. 

1 Cupbye. Me., Space, Paper lAPBV 


'h'i PUlms ntvllun, , inncrliiin, oi • irtulailyn 
f ACM inCNTIFK ATION ‘ •( HAI’IDLl M'»vlfh. 

(I'RRtWT NtVUCTliRf.b IN till: CvJIUM' 'HIM. 

JOIEP MAuNL f om'i ii:|<i. (mil ini, skbstoRmp 

Rvberl ICcnirr »|r» liwi licrihc> cn Chi’iiguv do 
I'Eii.lronnemcrti Tcrrojlrr ci I'lcnpljm-, CNL T, 

*«l)l l*>y-lea Moulln-.-miv, Irani cl. K. lifiidrln, 
Lfmawi, A. Rom, and A. McOi im-ii. 

IN ULF magnoilL ,md llic Ih' t-lt> irlr onu-nra* 
qnaiing onboard <J'0\ l*,r been mr-d lo nudy 
“* hlgm and . hjrui-lorlllir | „( ^hi-rl Irregular 
■vlgiiwvi IHPil |l) applying in dx> l-o-mpunoni 
ULF Iignel * complex pi or |i Is poulhlc to 

'^'ik'icriit (Ini nwjii ,,) <i))”s nrr- In (a>-| HiP ii.agnc- 
■: I'gMiuci u( lor nh.-crl ■ urrml iirui Inrp* pjv’ing 
:* ■* V«mjIi ul a high vrlsHt *■ Very Inlr nw 
J'*’ ln !6r flCLirh held (L - Ob wV/rn) arc 
l 'Wnid in I'onnci linri triih Du* iM'-snig over ol 
ilnxiurn al dir> wni'lliii> lo- shxii, hur thrv- 
■ *'4 vpikry arc flprv'rall* ubsr-rvdl 1D-7*i * c.irtmr 
■“ 5IP‘*. PrnvMcrl lliat lln- rluralion ol l»w 

‘qurlli hta*iur*eo| ilx< Mgiml ( 2 i) n nlwri unongh 
u ih*n 7 |) || is (visible- io aho« 1 h.il (hey torre- 
r ^ rwld-Mhmod V.mronl Tube* ITMIVj) psvslnn 
l’ 'J?* •PKeirslL Thr dtrcLIian of » can M dcduroil 
, ,hp b 1 Agnell- signsluro. In must ii»sp« lhle 
hiion cMnrldci v»iih the dirts nun ol Tlien, 

^ Warning (Ml v CaJL/H', li m powlble lorompu- 
, ri'srscitrlaiU. psrametrri ol the strut lure 
r JJ * 1 ® r 'n* ], radius If and velo- il) v. fl* parq- 
, L*** Urns been ablsmed ore 6 .( 0 " 
vit .. . r ‘ 1 H ■ WO km, 15 ■ v (70 km/i. 

2 l» le 'rilosln* a, ridge values i 8 s 10 ’’ A/m*. 
uiiuis,, l?. * l ’ el ' I'Hhipowd to lonosphcrlr 

l„ r" ,htl « values aru tuislsicm with if»J« lounrl 
bsuji . IwM'Sligried current stru.-lurui by 

w- . “* urkillng spicccrall obvjrvslloni. The 

“* l l'iCu»i*J ,,,,e l *'° 4e I° cfl l'*Nil t“FfMt iiriiL-lum 

• “q%a t Ms,, Spate, F«pcr 1 M 791 
g»«sU fIi 

laujf.'lj™ WLfAUATLOH C 8 ARACTHE 18 T 1 CJ 0 T WHISTLE k£ 
OBSERVATIONS 

Ulmw , Jtaatumt* 0 f apace and sstronsutUsl 
him ’ .'*■ Rwsba 4 -chore* , Haguro-ku .Tokyo 153 , 

*• laucud* 

Puib..,! 11 'taordad sc four station* along ths 
■III Mrldlsn nssr Eobarvsl, Canada on July 23, 
‘lixilln I® ““^Taxd. They ibowsd ■ spatial 
^labii !!'■ ** J 1 ** 1 M '* 48/ LM ks which L« 
IXilcu... th * n previous thsorstlcsl 

u,, ’i “• * 9 VX polsrliatlon of thas* whistisrs 
•wghi. A.rrt? tid ) th « "avn polarlsscloD was ■ mulws 
M th “ ■ l «t loti vtiec* wave Intensity *as ■ 
1 M, >lan 4 i., WT * P°lsrl*»tlon was also right handed at 
fbtaloa, j 1 *® tnm ths wav a exit cagiom. The 
^“liy Saxfr W ' V * *“ lt l *l lon inferred from Chs 
•••Ul »«>. a 1 " r ‘ coa Pa f ed with cha L-vsLuaa of the 
')t*li *4 ‘ dirlv«d from th* dispersion analysis. Hs 

r * 4 stlnn beewssn ths* when 
JtaK, , “ *“ dipols field model srs cskm into 

Bpsee. Fsoar 3 AIB 19 ' 


6110 Elasticity , Fracture end Flaw 
HIGH FLUID PMSBUME DURING REGIONAL IIKTAH 0 BPU 1 SH AND 
dbtqfiiatiun - implications for hash tranbport and 
deformation hechanishs 

Fl.*. Ether edge (Bureau ot Hlnaral Reiourcs,., P.O. bo* 
37 B. Canborn, aCI 26 DI, Australia), V.J. Hall, s.p. 

Cox and R.H. Varnon 

Ev Ideate la presented ro support tba conclusion that 
pore fluid pressures IP*) during regional naceaorph ,sn 
are generally greater dan or equal to Lbs minima 
principal enpreee Lva elreea ( 8 .). Ib* raiultaat aery 
low effective • trails* |g) food co algntricancly 
incroamd porosity end pernablliry, even at modurate 
to high Bktausn&ic tempatatama. PantaabUliiaa 
between ID end ID -15 o‘ are era at dared to be cotsm, 
result log In rapid fluid algrat I on end tba dominanca 
of xdv active ovar diffusive eaaa triasport, even ovar 
raise ivaly anall dlatancaa. Ln vlaw «( tha Impoirsace 
Of Intergranular oaai transport to rocl deforms L lor, 
during xataDorphlam, a nobile, hlgh-proaaura fluid map 
have aubitantlal rhaological efjeets, a.pocially in 
polyphaae rocks. The fluid la capebl* of Influencing 
thr raea of dislocation craap (n a Busbar of waya. 

Flora ioportantly, advertise mass (raraport along (luld- 
proamre gradlenra can give rise to a tolutloo-trsealar 
dcfonatlnn nochentam that competes with conventional 
prosiuro-soluLlon. Tho tats of da former ton hy 
advetllv,! mass transport cuald be controlled by a number 
of pcocaatoa. Including dissolution kinetics, adveedve 
transport raraa and th* rata of crscL growth. A 
apatllic deformation nodal, baaed era advacllvt 
r rase port rata-control, is davalopod. which can produce 
■train st cospatltiva races, hut with stress and 
temperature depandances of unusual form. 

3 ■ Cmophjt. Eos. , Earth, Paper 38)881 


ul 10 Elasticity, fracture and flow 
SLASH CRT OF SlNGU-OTbUtL WRTHOFE WLDS 1 LITE 
J, D. Baas (Dept. of Earth and Space Sctancaa, 
State Unlv. of Neu York, Stony Drook, hew York, 
11794 ), and Donald J. Ualdoer 
The blast le moduli of feSiO., ortbolstrosllUb, bin 
baen moieurad at I bar ana J 0 °C by Rrlllouln 
spectroscopy. A cooparlaon of tba pyroxsaa crystal 
struct ufo wilt, miser (city dais show* that distort Ion 
of the tst rahadta 1 (T) c Pains parallel to e_ Is rsletsd 
to Cj>. Straight cha Ids iocraaaa Cjj "slid highly 
kinked tbitni weaken tha ec r occur* . However, tbs 

PaSiOj data show that beyond ■ certain dagros of 
dieiortlon (be T chains era passive. Is sansltlvo 
to composILlnn as dsmenitrscsd by a posit ln lloeat 
correlation of C (l with tha slxa of tba HI ocrahadron 
(svarsgaHI -0 diataece.) The avers go longitudinal 
modulus C|j ((Cn + Cj- + Cyj)/)) ■ varies linearly 
with rospoaltlon In tba aystan ore hoa natal It* 
(En)-arthofarroaillra (pa), uhtraai tha avarago ahaar 
oodull f 4t end C|j ara constant co at least TOR f * 1 . 
By contrast, the olletn* aolutlon Fo-Pa la consilient 
with ■ linear variation ol mod ulus v* conpoallton 
botweoo the end -m sobers for mil thraa average oodull. 
Wu eug gee l that this difference bsrwaen oichopyrjxsne 
(ops) sod oil vfoo Is due to a prafaraoca of fa** for 
the Ml ottehadrsl alt* l« op*. Tl.t sgRirgats ewst 
modulus, u> I* also found to be conetanr for opx 
containing up to 20 nolo percent Fa 2 *, a can though u 
ia 30 t lower for fa chan Ep. Daaplco a similar 
{Wtrnl In and-meaber value* ot u . the oll»ltu> dais 
ara tonal* rent with a linear variation o£ u baluovn 
Po,.a and Fa.- n , At high texpancuroi . I**' and Hg lo 
opx will be rondos) y dlatrlbuled and a linear 

varlui ion of , with r«'* conlfcni [9 axpoccad. A 
cospariaon nf lahvraiory slsstlcltv d*!* v ltn obsarvad 
snnr lc priipirllra ahr.wi Uml V , v,. sod of tha 
upper oanila arc tailifle) bjrp*»r» Th* data 

al*o eit(U> that wlttaut the cooxiAloncc of garner, 
no nor* than IA*. opx may bo present tn ■ Mrlol vain I o 
aasasblagv. Ca-c I Jnupj ronsne Inert Mo a ih* Unit on 
mantle garnol ronn-ni , but docs tut Croat ly affoci 
L-.'natralPls on th» .p^nllly of op' In tta uppar 
manllo. t Equal Iona ol slats, pioprillrs ot alnorata). 
J. Gec-phv* . Rea . ■ Fsrth, Pspor >81800 
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xRTn r.'ee Pr-'.^artlea ef Flanais 

APERIODIC ION TEHPBRATURE VAWATIOW IN IHE 70 PLASMA 

SfiftnWYtar (baipirtaant or CflOphpalc* and Planetary 
Sctan-oa, Twl-Avlv Unlvarafoy, b9978 Tal-Avlv, Iaraal) 
and Yuri Kut )nr 

Wo con. Uur llio obsorvod aperiodic variations uf Bill 
I oip.rntur. rap. -read by Rruund-bflaad obaarvera, which 
toku platu oc. l lM scalaa abort compatad to tha radia- 
tion and ol eel ron collision relaxation times. We 
suggest that Ion- Ion charge exchange proewaas srs rss- 
poualbls Tor tha tail lug sad loo-atom coUlsiona ara che 
sour co ol the cooling. We attilhuta eh* fluaeuselofla 
to rends* strong varletlane In th* output of neutral 
mat tar from thm volcanoes sod surfscs of lo. Frsahlr 
tool led ml fur which oil) hswo assr roll eorotatlon 
gyroonsrgr trill undergo disrgs sschange with tfaotmsl 
daub ip knlssd sulfur and oxygen, thus producing hat 
ITII. Newly injected neutral atone cap cool tbe 
amblint hot plena* by collisions on * tins Stale «■- 
pa tab Id to thalr lllotln* egslnec lonleatlon procsssss. 
Analytic solutions of ths lanporsturo rats equetlini. 
Including tha tins variation of the nsuttal snd iaoUod 
nsttar density nrs found to reproduce tbs ofasmrvsd 
fluctuations tar reeionshJo values of Initial densities. 
J. fieophyi. Ro*., Spsco, Pspsr 3AI83B H/30 

Seismology 

A97D Struct are of Ih* Crust and Upper '(soil* 
rsURTAI. SWCTHRf 19 THE nROICfl TRANSFORM 7^18 
An nu N. Trdh.i (Office of Merino neology snd Energy, Ih*. 
Oonlngteal Survey I Mi Mol*. MA 076*)) and O.H. Purdy 
Seltalr rofrnerlon data from ll"*e nf enall shots 
end from Individual largo Shota recorded during project 
ROSr or* uaed to del are In* the trust and upper auntie 
velnelty structure le the Oroxnn tract fnn» sons. Tha 
ah Joct tve of this study (a to provid* const rnlnre on ihe 
origin of a Jeep norch-aeuth trending trough Clinked "p 
two shallow rldgo*. These topographic features srs 
tncmpatlhlu with the present plata tectonic frooeucni ■• 
dofinad by tha regional sprosdtng direct Ion 
(supruxlnatnly ossc-wast) end did not display any selonle 
seelvlty durtng project ROSR. Travel tloex and 
amplitudes from s rove raid profile along one ol 
ridge* reveal an anoanUui rnietal erructursi a talosltp 
mertaas epproxtaerlng a A rad lent of 0.5 i»c“ ■'‘LsodlnR 
through rant of the crust sod decreasing la *1 •« « 

the beso, and a ratal e natal thfokntxs ol about 
In rontrast, three profiles from topopr.pUtnllp norost 
mcasnta crust l ad l cat* ■ cruetal struc.urs 1 «jnM« « r 
ocennlr. orust throughout th* oeaensi ■ 1.5 kn thick ■ 
layer ln which vnloelty inerssee* frox shout 1 
6.7 ktr/sao overlying n k.' 1- thick UHU dlth S «W li( 
uf shone 6 .R hm/»*9. The oppsr xnntle va oclty 
both structures, d.tetalnsd frou travel elms. f'~‘ ar * e 
■hors at rosnsi of 1“ co l«» In, «• • b °u c *■ 1 ta./eec 
Those retain ere Inisrprsted to Indleetu »tat t he trough 
end flsnklng Hdgoe cepreaent an extinct 
that develop.-! ■" •■*»*» v*U*y eo the apr«*t41i« ■ ctatsr 

prngreeelvely eblftmd to the present avis of the W 
Fttlflt «M. 

J. Geopbye. 8 #*., Earth, Paper 3B1731 ■ . 

B9T0 Blriiclurs of ihs oruil and upper rarallu 
?^WVBLmf3W30^«HttUreW'k Tuolmobs). ' 

Thomas » Keern (CaWornla liwlil.il" of TuoKnology. 

"ISSrSSi'S— wm (». MW~ MVWJ53 ' 

hero been orad U demweVrsU 

Ssillss 

mdnl d*lsy« * w =J ”~r~^ r |lMlr „ rjM by Mi kitomeler* 
talomwlerr- . Thm Bono dppUi iu»u *■ [ _ kr n. ' Slightly 
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sbmU . -K g 

• .taKo^sc toMlM. 
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thoroughly consolidated and summarized and remaining questions 
are highlighted. . . 


Cha pter Headin gs 

• Early History 

• Introduction to 

• Magnetpspheric Currents 
•Surface Observation! . . 

•Near-Space Observations : 


•Distant Space Observations 

• Ionospheric Effects 
•Theory and Models 
•Plasma; Inslab I II ties . 

• Current Systems in Other 
:■ Magnetospheres' 






- -:U; 'll- 



I ‘ i t; 

ii’V.V" 

I’-V '' Vl- -* 1 V- : 


v • _ j, j ifiiViJ;'- ' I 

' - - n m 1 ; ^ L t Vu- - ^ j 

1 j 


; n. ' if 


V- ■}>'. V;V-' !. J-., V- . j 







. 1 

/•' i- :! 1 

. ' * • ' • 






■ii ii i imi ii i w ^ii ■■■■■■ ii ida ■ J 


•!>* 





